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Foreword |

Diagnosis and treatment of surgical abdominal emergencies during preg-
nancy is challenging. Abdominal examination is difficult and organs may be
pushed by the uterus in relation to gestational age, therefore obscuring
abdominal pathologies. Physiological parameters are altered due to
pregnancy-induced changes and laboratory tests could be deranged due to
pregnancy-induced variations. In evaluating abdominal emergencies in the
gravid women, the physician is advised to cautiously use tomography for
diagnosis. Radiation exposure may affect the normal development of the
fetus. Indeed a perplexing clinical setup.

Delay in the diagnosis of surgical emergencies is associated with ampli-
fied risk to the mother and the fetus. The need for nonobstetrical surgery dur-
ing pregnancy is low. However nonobstetric surgery is fraught with increased
risk to the fetus. Fortunately, in most cases, the gravid woman is a young and
healthy individual and surgical emergencies are, therefore, confined to the
young group of patients. The gestational risk in pregnant women with an
acute abdomen is multifactorial. Some relate to the patient itself and her well-
being and some relate to the fetal age of gestation at the time of diagnosis.
Peritonitis and sepsis contribute to the risks, and surgical approach (laparo-
scopic vs. open) has a great deal of impact.

Dr. Goran Augustin has assembled data on surgical emergencies in the
pregnant women and wisely outlined recommendations for the practicing sur-
geon faced with a gravid patient endangered with an abdominal surgical
emergency.

Any surgery during pregnancy confers significant obstetrical risk. Delayed
investigation and diagnosis may lead to worse outcomes for the patient and
her fetus. Surgeons should be aware of pregnancy physiology and the precise
algorithm for diagnosis and management during gestation. This book offers
exactly that.

Yoram Kluger
Division of General Surgery, Pancreatic Surgery Center,
Rambam Health Care Center, Haifa, Israel

Israeli Surgical Association, Tel Aviv, Israel

World Society of Emergency Surgery, Jerusalem, Israel
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Fausto Catena
World Society of Emergency Surgery, Jerusalem, lIsrael

Department of Emergency Surgery,

Parma University Hospital, Parma, Italy

Luca Ansaloni

World Society of Emergency Surgery, Jerusalem, Israel

Department of General Surgery |,
Papa Giovanni XXIIl Hospital, Bergamo, Italy
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Foreword Il

I have been invested with the honor (and responsibility) of writing a “FORE”
“WORD?” meaning to write thoughtful comments made about a book, to give
the impression as to what this book is all about. Acute abdomen during preg-
nancy is a dramatic event, with significant morbidity and mortality for both
mother and fetus. Despite this, acute abdomen during pregnancy does remain
a neglected and not well-known topic.

Clearly, a pregnant patient presenting with an acute abdomen is a clinical
scenario that overlaps specialties. Common sense suggests the early involve-
ment of a bunch of specialists such as a surgeon, obstetrician/gynecologist,
and a specialist in maternal-fetal medicine when dealing with this challeng-
ing situation.

Unfortunately, the diagnosis and treatment often tend to be delayed due to
the peculiar physiological features of pregnancy and the restrictions imposed
on diagnostic imaging techniques such as X-ray and CT, due to the fear of
radiation exposure. MRI is gaining an increasingly relevant role in the diag-
nostic workup but is not always and everywhere available or easily and read-
ily accessible. Nevertheless, acute abdomen has the need to be diagnosed in
the shortest time possible and promptly treated. Physicians should pay atten-
tion in this regard as any delay may seriously deteriorate the condition of both
mother and fetus.

The editor, Dr. Goran Augustin, is an internationally recognized expert in
the field of acute abdomen during pregnancy, and given his research and clin-
ical activity from the last decade, | can wholeheartedly state that he is now
considered an internationally recognized expert in the management of acute
appendicitis and other acute surgical diseases in pregnant patients. His dedi-
cation to this critical subset of patients has to be commended, and Dr.
Augustin has made this delicate issue to become his own area of clinical
practice and his field of scientific research throughout the years, 'textbooks
and surgical journals are appearing to be the written resource of the funda-
mentals and the research reporting archives of the knowledge and the craft of
this surgical discipline. This textbook is one of those resources and represents
a landmark textbook in the field of the care of the pregnant patient. Both the
trainee and the practitioner of acute care surgery but also gynecology and
obstetrics as well as emergency physicians and family doctors will find this
textbook useful and a ready resource for current approaches to surgical
emergencies.



This will soon be a standard text used by surgeons who practice Acute
Care Surgery around the world and any physician dealing with a critical sur-
gical care during pregnancy, and it has been a privilege to review it.

Salomone Di Saverio, MD, PhD, FACS, FRCS (Eng)
Maggiore Hospital Acute Care and Trauma Center,
AUSL Bologna, Bologna, ltaly

Cambridge Colorectal Unit, Addenbrooke’s Hospital,
University of Cambridge, London, UK

Foreword II



Preface to the Second Edition

He who combines the knowledge ofphysiology and surgery, in addition to the artis-
tic side of his subject, reaches the highest ideal in medicine.
Christian Albert Theodor Billroth

| am fortunate again to have the opportunity of changing my mind, of clarifying

confusion and my confused thinking, and of correcting misstatements, as well as

attempting to remain contemporary. | am doomed to the embarrassment of living

with my previous inaccuracies. Still, it is better to recant than to be accused ofhav
ing a pertinacious tittle mind.

Marvin Corman

(Preface to the sixth edition of Colon and Rectal Surgery)

Ifa man will begin with certainties, he shall end in doubts; but if he will be content
to begin with doubts, he shall end in certainties.
Sir Francis Bacon

When | started writing the first edition of this book, I read the foreword of one
book, from an author whom | do not remember, where he wrote that he did
not know that it was more difficult and more time consuming to write the
second edition of the same book. At first, | was surprised because I thought
that one can change several figures and add a little new text, and the new edi-
tion is completed. When | started to improve the first edition, | recalled the
author’s words and his statement. It is the whole truth! I was surprised when,
several months after the first edition was published, | started to read again my
book. | was surprised how many misinterpretations, errors, or scientific and
clinical “gaps” were present. | was ashamed how incomplete and inconsistent
the book | wrote was. At the same time, | started to read the new, sixth edition
of Marvin Corman’s book - Colon and Rectal Surgery. Before going to the
specific topics that interested me, | read the preface. And | was thrilled,
relaxed, satisfied, and fulfilled at the same time. The citation that | took from
Corman’s preface is true. Then, it was easier to finish this second edition
knowing the fact that it will be better than the first edition (and probably
worse than future editions). Every chapter is expanded and updated, and four
new chapters are added. The chapter on urologic emergencies helps to dif-
ferentiate conditions that usually do not require operative interventions.
Perioperative and anesthetic considerations, which were the part of every
chapter in the first edition, are concentrated in a separate chapter and signifi-
cantly expanded. Many of these considerations are the same for most acute
abdominal conditions during pregnancy. One of the added chapters is espe-
cially interesting. It is about increased intra-abdominal pressure during



Xii Preface to the Second Edition

pregnancy. This issue is complex even in the general population, and in preg-
nancy, it has additional difficulty during the diagnostic workup and also with
the selection of appropriate treatment strategy for both the mother and the
fetus.

My father, who was also an abdominal surgeon, w'atched me while writing
the second edition, for 2 years, day by day. Once, he came to me, knowing
that | am the sole editor and author, and said: “This book is concentrated
energy, so much energy that could fill an atomic bomb.” Now, when the text
is finished, | can confirm that his statement is true. Concentrated energy or
concentrated knowledge is what | want to share with every reader!

And now, | repeat my plea from the preface of the first edition: contact me
about any type of errors, misinterpretations, and any medical/surgical mis-
takes in the text because | would like to improve (further editions of) this
interesting subject. Dear authors, publish cases of the acute abdomen during
pregnancy, and publish comprehensive reviews, so the medical community
could have a better insight into the incidence, etiology, diagnosis, treatment,
and maternal and fetal outcome for all causes of the acute abdomen during
pregnancy. Dear reviewers and editors of medical journals, please have a sen-
sibility for these important topics. Who knows, maybe, one day, ajournal, for
example, Journal of Abdominal Surgery in Pregnancy or Digestive Diseases
in Pregnancy, will be created.

Zagreb, Croatia Goran Augustin



Preface to the First Edition

The art and science ofasking questions is the source of all knowledge.
Thomas Berger

What has given me the mostjoy in my life is the establishment ofa school that car-
ries on my aspirations and aims, be it scientific or humanitarian thereby ensuring a
legacyfor thefuture.

Theodor Billroth, 1893

Earlier diagnosis means better prognosis.
Zachary Cope, 1921

How did the idea for the book come? Here is the answer. Acute abdomen is
still one of the most exciting conditions in (emergency) surgery and medicine
in general. The clinician needs to make the diagnosis and the indication for
the operation as fast as possible, and then the operator should perform the
operation with the lowest possible morbidity and mortality. This is known for
over a century. An additional difficulty arises when that clinician has a preg-
nant patient with acute abdomen. Now he or she is dealing with two human
beings at the same time. Also, the pregnant patient has slightly changed intra-
peritoneal anatomy and physiology, making the diagnosis more difficult.

During the last 7 years, | started to study more about cases of the acute
abdomen during pregnancy. Searching through the literature, | found very
little reviews on the subject. Unfortunately, that was expected because acute
abdomen during pregnancy is a rare group of conditions. If one excludes the
most common causes such as acute appendicitis and acute cholecystitis, the
clinician can deal with only one pregnant patient having acute abdomen in
several years, sometimes once in a career. When | comprehended that, |
started to study, write, and publish articles about different topics of the acute
abdomen during pregnancy. When | tried to find some texts covering the
whole topic, | could not find these. Then, it came to me that | need to write a
book about acute abdomen during pregnancy, first to help myself and then to
help all the clinicians dealing with this rare subject. It is interesting that some
names in medicine, gynecology, and surgery who are not so famous or known
were the first to treat such cases in medical history. It was interesting for me
to read about them and to put them in the book. Mostly, these persons were
more famous for other achievements in their medical fields.

There are two problems in writing a book that should have guidelines and
recommendations on the topics included. First, it is the (extreme) rarity of
these diseases. Second, it is the acute onset that is unpredictable in its severity
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and time of presentation. Both these facts preclude the possibility for ran-
domized studies thatare needed for validated guidelines and recommendations
in medicine. Therefore, some of the recommendations in the book are not
adequately validated, but due to the rarity (some diseases have less than
50-100 cases published in 100 years), | tried to combine the recommenda-
tions from acute abdomen in the general population and from the opinions of
the authors (and myself) of published case reports. Thus, many facts from
these case reports are copied into this textbook. Also, the comprehensiveness
of the chapters is not equal and mostly depends on the frequency of a specific
condition during pregnancy. Hence, the most extensive chapters include acute
appendicitis and acute cholecystitis, the conditions which present most of the
cases of the acute abdomen during pregnancy. | tried to include as much as
possible case reports, so the reader can have his or her own opinion about the
topic and also can develop ideas for further research on the subject. After
completing the manuscript, | read it thoroughly, and then | realized that there
are many things that could be written better. What motivated me to go further
is Margaret Atwood’s tip for writers: “If | waited for perfection, | would never
write a word.” Therefore, if | waited for perfection, | would never write this
book.

Additionally, it should be mentioned that possibly any cause of acute
abdomen can occur during pregnancy and a detailed description would lead
to an enormous number of unnecessary pages; therefore, in conditions that
have only one or several cases published, a short description of the disease is
presented. It is difficult to say if this book is more suitable for the gynecolo-
gist or general/abdominal surgeon. Some parts will be more interesting to the
surgeon, while others more to the gynecologist, especially therapeutic con-
siderations. The diagnostic workup will be interesting to every reader. Some
photos (figures) in the text are not of the excellent quality, but because of the
extreme rarity of some conditions, it is impossible to obtain other figures of
similar or same pathology.

And my final plea... to every reader... please contact me about any type
of errors, misinterpretations, and any medical/surgical mistake in the text
because itwould improve (further editions of) this interesting subject. Contact
me if you have any questions about the subject. Also, any reader dealing with
this subject could feel free to contact me to be an author of one of the chapters
in (possible) further editions of this book. My other plea to the reader is to
publish cases of the acute abdomen during pregnancy so the medical com-
munity could have a better insight into the incidence, etiology, diagnosis,
treatment, and maternal and fetal outcome for all causes of the acute abdo-
men during pregnancy.

Preface to the First Edition

| hope that the reader will enjoy reading the book as much as | enjoyed

creating it!

Zagreb, Croatia Goran Augustin
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Acute Appendicitis

Abstract

Acute appendicitis is the most common non-
obstetric operative emergency during preg-
nancy. It amounts to 25% of operative
indications for the acute abdomen during
pregnancy and puerperium. Pain in the right
lower quadrant is the most reliable symptom,
and abdominal tenderness is almost always
present. Fever and tachycardia are not sensi-
tive signs. Leukocytosis is not diagnostic
because elevated levels are found during preg-
nancy and especially in the early labor in nor-
mal pregnancy. Neutrophil granulocytosis is
diagnostic as it is a sign of bacterial infection.
Graded abdominal ultrasound is the diagnos-
tic procedure of choice with less accuracy in
the third trimester with no guidelines about
the use of transvaginal ultrasound. Magnetic
resonance imaging is the diagnostic procedure
of choice in cases when abdominal ultrasound
is not diagnostic. Management is always sur-
gical, either by open approach or laparoscopy.
Fetal mortality in uncomplicated appendicitis
is low and rises several times when perfora-
tion and diffuse peritonitis develop. Maternal
mortality is almost 0% and rises with the delay
in surgery for more than 24 h which is the
most common situation in the third trimester
when the diagnosis is the most difficult.

1.1 Historical Perspective

It provesfatal to a woman in a state ofpregnancy,
ifshe be seized with any ofthe acute diseases.
Hippocrates

A case described by Stumpf in 1836 (refer-
ence unavailable), as one of ruptures of the
cecum in a pregnant woman, was probably an
early instance of perforative appendicitis.
Officially, the first case was in 1848, when
Henry Hancock (Fig. 1.1), the President of the
Medical Society of London, presented a paper
to that society describing the treatment of a
30-year-old female, in her fifth pregnancy, 7
months pregnant bearing twins in the Charing
Cross Hospital in London [1]. She developed
abdominal pain, had preterm labor on the fourth
day with a live newborn for 20 h, and developed
a tender mass in the lower right abdomen. She
was seen by Hancock, 12 days after the disease
has started. She had distended, tender abdo-
men, particularly in the lower right quadrant
(RLQ). Hancock prescribed opium and poul-
tices. Two days later her condition was much
worse with a palpable mass in the RLQ. The
incision was made above and parallel to
Poupart’s ligament over the palpable mass.
When the abdomen was opened, offensive pus
and bubbles of gas escaped. After 2 weeks she
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Fig. 1.1 Henry Hancock (1809-1880) (oil on canvas,
91x71 cm, painted by George Richmond in 1874; collec-
tion: The Royal College of Surgeons of England).
Reproduced with permission

felt pain around the wound, and after wound
exploration, Hancock found fecaliths
which he postulated that had escaped by ulcer-
ation from the diseased appendix. From that
time her improvement was rapid and she made
a good recovery. Therefore, Hancock is the
author of the first reported and successfully
operated AA complicating pregnancy in a form
of incision of perityphlitic abscess but with
stillbirth as a consequence.

Wiggins, in 1892, reported the first case in
which the preoperative diagnosis was made and
an operation advised at a time when the life of
both mother and infant could have been saved.
Unfortunately, the patient’s friends refused the
operation. Petersen, in 1893, recorded the first
postpartum case of AA on the seventh day fol-
lowing a labor at term, with rupture of the
abscess into the bowel and recovery without
operation [2], In 1894, Paul Fortunatus Munde
(1846-1902), a gynecologist from Mount Sinai
Hospital in New York, published the first suc-
cessful case from the United States [3], treating
appendiceal abscess but with the premature
delivery of a dead child.

two

1 Acute Appendicitis

1.2 Incidence

Appendicitis or epityphlitis (epi- + Greek typhlon
(cecum) + -itis, inflammation) is the most com-
mon nonobstetric cause of acute abdomen during
pregnancy and puerperium. Between 1913 and
1926, approximately 2-2.5% of the women who
presented with symptoms of AA were pregnant
[4, 5]. In 1935 the incidence of AA during preg-
nancy was 1/2000 [6], while between 1944 and
1959, the incidence was 1/1000 [7, 8], and a
report from 1972 claimed an incidence of 1/704
[9]. It was concluded that AA is a disease of mod-
ern civilization, caused by a sedentary life and a
high-residue flesh diet [10], Current estimates of
incidence are inconsistent and vary widely rang-
ing 1/181-1/8770 pregnancies and amount to
25-30% of operative indications for the acute
abdomen in pregnancy [11-30]. The rate of AA
reported during the antepartum in the most recent
four population-based studies is 1/1000-1/4167
pregnancies [20, 25, 31, 32]. The highest inci-
dence is in Taiwan— 1/181 [11]—and varies sig-
nificantly between countries and even between
regions and hospitals in the same country
(Table 1.1). Although there are no references that
specifically address postpartum AA, most studies
group AA in pregnancy and the puerperium
together because of the anatomic and physiologi-
cal continuum [33]. Up to 1960, there were 373
cases published [34], and currently, the largest
population-based study was on over 7100 appen-
dectomies during pregnancy [32], Analysis
across trimesters is presented in Sect. 1.3.2.

Table 1.1 Comparative incidence of acute appendicitis
in pregnancy in different countries

Country Incidence
Taiwan [11] 1:181
Pakistan [23, 35] 1:346-1:1135
Germany [22] 1:499
Sweden [27] 1:776
Chile [36] 1:1028
Israel [37] 1:1055
Saudi Arabia [26] 1:1102
Turkey [13] 1:1312
Jordan [29] 1:1644
Brazil [30] 1:2580
Mexico [28] 1:8770



1.3 Risk Factors

1.3 Risk Factors

1.3.1 Age and Multiple Pregnancies

A high incidence of AA in pregnancy, compared
to other causes of the acute abdomen during
pregnancy, has a multifactorial origin (Table 1.2).
The incidence of AA and childbearing is strongly
related to age. Ninety percent of pregnant women
are <30 years of age [38], correlating with the
peak incidence of AA in the general population
[39], The incidence of AA shows regional
variations and a secular trend with a decreasing
incidence in general population. Secular and
regional variations are also seen for the inci-
dence of childbirth. The influence of these

Table 1.2 Risk factors for acute appendicitis during
pregnancy

Age <30 years

Multiple pregnancies

Second trimester (perforated and negative)
Black and Hispanic women

Nonobese

Attacks of appendicitis before pregnancy
FYegnancy-induced constipation

Medicaid insurance

=
o
s}
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Fig. 1.2 Comparison of
pregnancy status at the
time of surgery in women
who had an appendectomy
compared with matched
controls. The relation is
expressed as the odds
ratios according to condi-
tional logistic regression.
Reproduced with permis-
sion from [43]
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variations on the incidences of AA and preg-
nancy is complex which makes it difficult to
determine the expected incidence of AA during
pregnancy for comparison purposes. Early mar-
riage and repeated pregnancies till menopause
make the probability of an AA occurring in preg-
nancy higher.

1.3.2 Trimester

It seems that AA is more common in the second
trimester with the incidence of 35-50% [22-24]
(the first 30%, the second 45%, the third 25%
[20, 38, 40, 41]), but there are no proven data that
pregnancy affects the overall incidence [42].
Figure 1.2 illustrates a comparison of pregnancy
status at the time of surgery in women who had
an appendectomy compared with matched con-
trols [43]. Patients who had undergone appendec-
tomy were less likely to be pregnant at the time of
the operation compared with controls. This
inverse relation was dependent on the period of
gestation and the underlying diagnosis at the
operation. Corroborating results from previous
reports, the highest incidence of AA and appen-
dectomy was found in the second trimester of

Perforated

Non-perforated
Negative exploration

Post-partum

Months postpartum



pregnancy. This pattern was seen for perforated
AA and negative explorations, whereas for non-
perforated AA, the strength of the inverse relation
increased continuously throughout the preg
nancy. This result does not support the commonly
expressed opinion that the incidence is the same
in pregnant as in nonpregnant women but rather
suggests that pregnancy may protect against AA
(Fig. 1.2).

In the largest study to date, a national repre-
sentative cohort of almost 1.6 million childbear-
ing women, pregnant women during the
antepartum period were 35% less likely to be
diagnosed with AA than the time outside preg-
nancy (Fig. 1.3), with the lowest risk reported
during the third trimester.

These results were not materially changed
after adjusting for age and calendar year.
Furthermore, there was no increased risk of AA
in the postpartum period compared with the time
outside pregnancy among women aged 15-34
years. However, the risk increased by almost two-
fold in older women during the later postpartum
[31]. It is possible that AA during pregnancy, at
term, and in the puerperium is lower or underes-
timated due to several reasons. The first is unrec-
ognized mild, self-limiting disease [44—46]. Mild
attacks could be interpreted as the ordinary dis-
comforts of pregnancy, and the severe cases

AN

Outside pregnancy | trimester

| trimester

1 Acute Appendicitis
occurring in the puerperium were probably
regarded as types of puerperal sepsis. Also, these
attacks could be interpreted as intestinal colic,
renal colic, ureteropyelitis, threatened miscar-
riage, salpingitis, and tubal pregnancy. The sec-
ond is that one should be cautious with the term
AA during labor. Sometimes labor is induced by
inflammatory changes due to AA (see Chap. 23)
[45], The third is that some claim that there is a
reduced incidence especially in the third trimes-
ter because of the protective (immunomodula-
tory) effect of pregnancy (see Sect. 1.4.1) [43],
the fact stated back in 1921. The conclusion was
that “In the last few weeks of gestation and during
labor it is very rare” [47]. It was found at term in
1% of the pregnant population [48],

1.3.3 Other

The largest, population-based study showed the
significantly higher proportion of Black and
Hispanic women compared with the proportion
of nonpregnant women with AA [32], As early as
1905, it was found that patients with conserva-
tively treated suspected acute or chronic appendi-
citis had significantly higher incidence of AA
during pregnancy, some claiming more than 50%
(see Sect. 1.4) [44, 49, 50]. Pregnant women with

Il trimester  early postpartum later postpartum

Time period

Fig, 1.3 Absolute rates of acute appendicitis per 10,000 person-years by trimesters and early and later postpartum

period in England. Reproduced with permission from [31]
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AA were less likely to be obese and more com-
monly had Medicaid type of insurance [32],
Constipation is given as an etiological factor in
the nonpregnant women, and this risk factor is
also accepted as one of the risk factors in the
pregnant population [51].

1.4 Pathogenesis

It is still not possible to presume when AA would
develop because etiology and pathogenesis are
notcompletely known and understood. One of the
confirmed etiologies of AA is mechanical obstruc-
tion of the appendiceal lumen, either due to fecal
stasis, kinking, peritoneal adhesions, or infection-
induced swelling of the mural lymphoid tissue.
Other mechanisms include a breakdown of the
mucosal barrier in the appendix by the direct inva-
sion ofa pathogen or by an inflammatory response
that has been triggered by an infectious agent or
some other stimulus. Geographical differences in
the incidence in AA and secular trends in general
population have been related to the differences
and changes in the dietary intake of fiber and in
standards of hygiene [52, 53],

1.4.1 Immunologic Changes

During pregnancy, a range of physiological
changes take place that may influence the patho-
genesis of AA. The immune system is shifted
toward a T-helper cell type 2 (Th2-dominated
immunity with a depressed cellular inflammatory
response and increased humoral immunity [54]. A
decrease in T-helper cell type 1 (Th,)-mediated
chronic inflammation is particularly present in the
third trimester [43, 55, 56]. These changes may
cause an exacerbation of diseases, such as asthma
and an improvement of other ones, such as inflam-
matory bowel diseases during pregnancy [57, 58].
There is an overall decrease in proinflammatory
cytokine trajectories in the innate and adaptive
arms of the immune system and an increase in
counter-regulatory cytokines as pregnancy pro-
gresses [59]. Because AA is an inflammatory pro-
cess, the inverse relationship between pregnancy

and AA could suggest that aTh,-mediated inflam-
matory response is partly responsible [58]. This
mechanism influences only the inflammatory and
not obstructive type of AA. Moreover, cigarette
smoking has a proinflammatory effect [60] and is
reported to be associated with an increased risk of
AA in general population [61]. Because preg-
nancy may motivate women to quit smoking [62,
63], this could also partially contribute to the
lower risk of AA observed during pregnancy.
Inflammatory markers have a dose-dependent and
temporal relationship to smoking and smoking
cessation. Smoking-associated inflammatory
response returns to normal within 5 years after
smokers quit [64].

1.4.2 Anatomic/Physiological
Changes

In general population, the incidence of AA is
higher in men. It has been suggested that the vas-
cular anastomoses which exist in women between
the blood vessels of the appendix and the ovarian
vessels on the right side may have an important
bearing on this comparative immunity. These
anastomosing channels would serve to relieve
congestion and inflammation of the appendix by
carrying off some of its blood into the systemic
circulation [49], This mechanism does not have
any effect in the obstructive form of AA.
Progression of AA may be more fulminating
in pregnancy for various reasons. Increased pel-
vic vascularity and displacement or kinking
(especially if partly fixed) of the appendix by the
uterus may hasten obstruction or strangulation,
and increased local lymphatic drainage together
with interference with omental migration due to
enlarged uterus may favor the systemic spread of
the inflammatory process. It is thought that
Braxton-Hicks contractions prevent  the
formation of adhesions, thereby promoting early
diffuse peritonitis [18, 34, 38, 65]. Also, suppu-
ration takes place higher in the abdomen. The
abdomen can handle suppuration much better in
the lower than in the upper parts. When the
inflammation and suppuration occur, abdominal
viscera start to localize the process by encircling



it. In pregnancy intestines and greater omentum
are dislocated. Also, abdominal viscera expect
localization of the process cease movement,
while the uterus does the reverse increasing the
possibility of spreading suppuration and making
the diffuse peritonitis more likely. With the
ascent of the uterus, the adnexa and appendix are
brought into closer proximity. Infection in either
may cause a corresponding inflammation in the
other by contiguity. Around 1900, the communi-
cation by lymphatics, by a peritoneal fold of
Clado, the appendiculo-ovarian ligament was
claimed. This is a fold of peritoneum which is
prolonged outward from the infundibulopelvic
ligament to the mesoappendix [66].

1.4.3 Recurrent/Chronic
Appendicitis

Pregnancy does not seem to predispose to a pri-
mary attack of AA; but if a patient has previ-
ously suffered from the complaint and afterward
becomes pregnant, the pregnancy may light up
another attack. The explanation for recurrent
attacks in pregnancy lies in the vascular engorge-
ment of the appendix, in the constipation which
is commonly associated with pregnancy, in the
toxemias of pregnancy, in the encroachment of
the uterus in the early months of pregnancy, and
in the puerperium and, finally, in the occasional
presence, by stretching or breaking down old
inflammatory adhesions, binding the appendix
to the uterus and its appendages. While these
factors doubtlessly tend to incite a recurrent
attack of AA, it cannot be said that these create
a primary attack [44, 49-51].

1.4.4 Female Sex Hormones

A relation with female sex hormones has been
proposed because of a lower incidence among
women and incidence variations during the men-
strual cycle, but with inconsistent results [67, 68].
Childbearing constitutes a period of many hor-
monal fluctuations, although the time scale for
these hormonal and immunologic changes may

1 Acute Appendicitis

be measured in weeks. The dynamic maternal
immune responses to normal pregnancy have
evolved out of the need to support a semi-
allogenic fetus over the duration of the preg-
nancy, without significant infectious or
inflammatory impediment to the mother.

1.5 Clinical Presentation

151 Medical History

The approach to pregnant patients with severe
abdominal pain is similar to that for nonpreg-
nant patients. However, the anatomical/physi-
ological changes associated with pregnancy
must be considered when interpreting findings
from the history and physical examination. The
uterus enlarges about 20 times during preg-
nancy resulting in stretching of supporting lig-
aments and muscles, as well as pressure on
other intra-abdominal
of the anterior

structures and layers
abdominal wall (Fig. 1.4).
Immediately after delivery, the uterus assumes
a 15-16 week size [69]. At 1week postpartum,
the uterine fundus returns to the pelvis and is
the size of a 12 week gravid uterus. After the
first week, uterine involution occurs more
slowly, reaching prepregnancy size within 6
weeks (Fig. 1.5).

During the first 6 months of pregnancy, symp-
toms and signs of AA are same as in nonpregnant
woman, but still, there are difficulties in the diag-
nosis due to:

e Blunting/masking of symptoms and
signs (abdominal distention, intra-
abdominal organ dislocation, dimin-

ished tissue response to inflammation)

¢ Possible changes in appendiceal loca-
tion as pregnancy advances

¢ Nausea, vomiting, and abdominal pain
of normal pregnancy especially in the
first trimester

« Extensive differential diagnosis with the
addition of pregnancy-related diseases
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Fig. 1.4 Height of the fundus at comparable gestational
dates varies greatly from patient to patient. Those shown
are most common. Convenient rule of thumb is that at 5

Fig. 1.5 Postnatal shrinking of the uterus. Reproduced
with permission from [70]

months’ gestation, fundus is usually at or slightly above
the umbilicus. Reproduced with permission from [70]

« Working diagnosis of systemic infection

¢ Misleading obstetric complications that
could be the first sign of nonobstetric
intraperitoneal infection

Constant abdominal pain is the most common
symptom [15], and pain in the RLQ, present in
67-84% of patients, is the most reliable symptom
[15, 18, 19, 27, 38, 71]. The incidence of RLQ
pain is trimester dependent with lowering inci-
dence during trimesters (100%, 80%, and 60%,
respectively) [72]. Rates of pain localized in the
RUQ range 10-42% [38, 73, 74] and are most
common during the third trimester [23], Classical
pain migration is highly suspicious of AA and is
present in around 50-70% of patients [27, 75].
After the third month of pregnancy, the pain could
change location and move progressively upward
and laterally reaching the level of the right iliac
crest at the end of the sixth month of pregnancy.
Upward displacement of the cecum and appendix



10

McBurney's
point

Fig. 1.6 Change of the location of the appendix dur-
ing pregnancy; illustration by Chris Gralapp [86]

was first described by Fiith in 1905 and 1913 [76,
77], At that time Hoffman in 1920 stated that the
appendix is below the iliac crest in 90% of preg-
nant women and that the exact position of the
cecum during pregnancy can be defined only by
abdominal X-rays with barium enema [78], Baer
et al. [79] showed by barium enema that the grow-
ing uterus progressively displaces the appendix
out of the pelvis after the third month, into the
upper right quadrant, by as much as two finger-
breadths above McBurney’s point, with a counter-
clockwise rotation of the tip (Fig. 1.6). The
appendix returns to its normal position by postpar-
tum day 10. Original description by McBurney is
that pressure is applied by one finger “exactly
between 1A and 2 in. from the anterior spinous
process of the ileum on a straight line drawn from
that process to the umbilicus.” This landmark cor-
responds to the areas of the inflamed appendix irri-
tating the abdominal peritoneum over the Tn and
T 12 dermatomes. The pain and hyperesthesia are
present over McBurney’s point in spite of the pos-
sible upward displacement of the appendix [80],

1 Acute Appendicitis

and many have found no evidence of upper dis-
placement of the appendix using physical exami-
nation, imaging techniques, or intraoperatively
[24, 78, 81-85]. Positional changes may be ham-
pered by the presence of adhesions which restrict
the free movement of the appendix, especially the
retrocecal (subserosal) position. Hodjati and
Kazerooni found the significant change (>2 cm) in
the position of the appendix in 15-23% of patients
[84], This discrepancy is partly due to different
extent of cecal fixation.

A growing pregnant uterus could displace a
mobile cecum with the appendix but not
the completely/partly fixed cecum or (ret-
rocecal) appendix.

Recent publications using MRI confirmed
the upward displacement of the appendix in the
term pregnant woman [87, 88], The most diffi-
cult interpretation of abdominal pain is immedi-
ately before, during, and immediately after the
labor. Before labor when uterine contractions
are present, one should be cautious if the patient
has significant abdominal pain between contrac-
tions or if the pain is present after delivery [46],

Abdominal pain aggravated byfetal movements
is found in a small percentage of cases [51, 89, 90].

Nausea is nearly always present and vomiting in
70-87% of patients [85]. These symptoms are exag-
gerated due to (1) progesterone-induced delayed
gastric emptying and (2) pressure ofenlarged uterus
on the hollow viscus. The patient should be evalu-
ated with caution because many women with nor-
mal pregnancies have these symptoms especially in
early pregnancy [27]. Suspicion should be raised if
new-onset nausea is present (the period of nausea
and vomiting in early pregnancy is mostly self-lim-
iting and confined to the first trimester).

Anorexia is present in one-third to two-thirds
of pregnant patients, while it is present almost
universally in nonpregnant patients [17, 18, 91].
If new-onset anorexia is present, it should raise
suspicion, especially if present with other symp-
toms and signs suggesting AA.

An atypical clinical picture is most commonly
present in the second trimester [22]. RUQ pain
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(12%), uterine contractions, dysuria (20%), and
diarrhea could mask AA [24, 26, 42, 711

In cases of pregnancy when obstetric complica-
tions such as miscarriage [49] or preterm: labor
[92-94] occur, if the symptoms have previously
pointed to any abdominal or pelvic symptomatol-
ogy or acomplication, a careful examination should
always exclude AA which could cause these obstet-
ric complications. These obstetric presentations as
possible consequences of AA in pregnancy were
pointed out back in the nineteenth century [95-97],

1.5.2 Physical Examination

The abdominal wall also undergoes significant
change during pregnancy, with muscle tone reduc-
tion and skin elasticity to accommodate the enlarg-
ing uterus. The abdominal wall tone remains lax
for several weeks postpartum, returning to a near-
nonparous level in 6-7 weeks. The hallmarks of
the acute surgical disease, abdominal guarding and
rigidity, do not occur or are attenuated during the
early puerperium. The chronic stretching of the
parietal peritoneum by the growing uterus, in par-
ticular in the third trimester, decreases the number
of afferent sensory nerve fibers of the peritoneum
per square. There is a high circulatory level of
adrenocorticoids in pregnancy which tends to
diminish the tissue response to inflammation and
to mask the early signs of infection and hinder
localization. Increased separation of parietal and
visceral peritoneum by an enlarging uterus causes
decreased perception and localization of somatic
pain. All these changes make clinical localization
of inflamed appendix unreliable.

There is not a single, completely reliable sign
that can aid in the diagnosis of AA in pregnancy,
and some of the classic signs of AA such as
Rovsing’s and psoas signs have not been shown
to be of clinical significance in diagnosing an AA
in pregnancy [26].

An abdominal mass may be missed on physi-
cal examination because of the presence of the
enlarged gravid uterus [98],

Abdominal tenderness in the RLQ on direct
palpation is always present [71, 85, 99].

n

Rebound tenderness is present in 55-93% [23,
71, 85, 91, 100, 101] and abdominal muscle rigid-
ity in 50-65% [23, 40], These two signs are more
likely to be present during the first trimester. In
the second and the third trimester, as the abdomi-
nal wall distends, the anterior abdominal wall is
distanced from the inflamed appendix losing the
ability to elicit guarding and rigidity [42, 102].

Rovsings sign is present in 50-60% of
patients [19, 23, 101], and trimester distribution
is not known. Possibly it is rarely positive in the
third trimester due to the separation of the
abdominal wall from the colon, without the pos-
sibility of its compression.

The psoas sign (Obraztsova’s sign) is a pain
on passive extension of the right thigh when the
inflamed appendix is in a retrocecal/retroperito-
neal location in contact with the psoas muscle.
The psoas muscle is stretched by this maneuver.
The psoas sign is observed less frequently during
pregnancy (5-50% [101, 103]) when compared
with nonpregnant patients with AA [17].

Obturator sign is positive in 21% ot patients
[101].

Rectal or pelvic tenderness may occur in early
pregnancy but is unusual in late pregnancy as the
appendix is dislodged from its pelvic location
and shielded with the enlarged uterus [102, 104];
therefore, less than half of patients had tender-
ness on rectal examination [100, 101].

Alder5 sign is used to differentiate between
AA and tubo-ovarian pathology in RLQ pain in
pregnancy and puerperium [105], The practitio-
ner should find the point of maximal tenderness
while the patient is supine. Then roll the patient
onto the left side. If pain shifts toward the center,
then it may be tubo-ovarian. The problem in
pregnant patients in the third trimester is that the
enlarged uterus does not allow the tubo-ovarian
complex to shift its position. It is obvious that
this sign can be of use only if the uterus is not
large enough to be palpable abdominally and that
it may be misleading in the rare case in which a
uterine lesion has become fixed by adhesions to
the anterior abdominal wall. In acute salpingitis,
which does occur in pregnancy, the result of the
test will depend on the presence or absence of
perisalpingitic adhesions. In one study 36% of
patients with proven AA had positive Alder’s sign
[101], without comparison between trimesters.



Aaron's sign is a referred pain or discomfort
felt in the precordial or epigastric region when
continuous firm pressure is applied
McBurney’s point [106].

Bryan’ sign is abdominal pain produced by
shifting the gravid uterus to the right, by some the
most reliable sign [107].

The mean maximal axillar temperature is
37.2-37.9 °C but could be over 39 °C in cases of
perforation and diffuse peritonitis [15, 34, 85].
Unfortunately, only up to 50% of pregnant
patients with AA have a low-grade fever [23, 85,
108], In one series 72% of patients who had AA
(with or without perforation) had temperatures of
less than 37.5 °C [100]. This incidence of elevated
temperature is not different from the normal preg-
nant population, and the finding is also true for
tachycardia [41, 108], and both are not sensitive
signs [24, 109], predicting only perforation and
peritonitis. Also if normal pregnant patients have
a low-grade fever, they have leukocytosis, a fact
that further complicates definitive diagnosis [85].

over

1.6 Differential Diagnosis

Differential diagnosis is more extensive than in
nonpregnant patients because of:

¢ Less reliable history and physical examination
¢ Higher incidence of some pathologic condi-
tions that mimic AA

These conditions are presented as nonobstet-
ric/non-gynecologic and gynecologic/obstetric
conditions (Table 1.3).

1.6.1 Round Ligament Pain/

Syndrome

Round ligament pain or syndrome (RLP) is one
of the most common discomforts of pregnancy
and, usually, starts at the second trimester of ges-
tation and continues until delivery. It usually
resolves completely after delivery, although cases
of several days postpartum RLP have been
reported. The most common symptoms of RLP
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Table 1.3 Differential diagnosis of acute appendicitis
during pregnancy and puerperium

Nonobstetric/non-
gynecologic conditions
Gastroenteritis

Urinary tract infections
Pyelonephritis
Nephrolithiasis

Acute cholecystitis
Acute pancreatitis
(Incarcerated) hernia
Bowel obstruction

Cecal carcinoma
Mesenteric adenitis

Spontaneous rectus
hematoma
Pulmonary embolism

Right lower lobe
pneumonia

Meckel’s diverticulitis
Sickle cell disease
Stump appendicitis
Inflammatory bowel

Gynecologic/obstetric
conditions
Ruptured/hemorrhagic
ovarian cyst

Adnexal torsion
Salpingitis
Tubo-ovarian abscess
Threatened abortion
Placental abruption
Chorioamnionitis
Pelvic inflammatory
disease

Degenerative fibroid
Ectopic pregnancy
Preeclampsia

Round ligament
syndrome/pain
Varicose veins in the
parametria

Preterm labor

Pelvic endometriosis
Metritis

Ovarian vein syndrome

disease

are a sudden pain in the lower abdomen, usually
on the right side of the pelvic area that can extend
to the groin, and shooting abdominal pain when
performing sudden movements or physical exer-
cise. Pain is sudden and intermittent and lasts
only for a few seconds. Although very common
during pregnancy, non-gestating women can also
experience RLP. The most common causes of
RLP are:

1. Round ligament spasm or cramp when the
ligament contracts involuntarily. The ligament
pulls on nerve fibers and sensitive structures
of the female reproductive system. Since the
uterus tends to be oriented toward the right
side, the pain is also often felt on the right
side. This leads to frequent confusion with AA
[HO].

2. The increase in size and weight of the uterus
puts stress on the ligament that holds it, caus-
ing it to stretch. During physical exertion or
sudden movements, the ligament is overly
stretched, causing pain.
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3. Varicosities [111], e.g., enlargement of the
blood vessels of the round ligament, can
occur during pregnancy, causing pain and
swelling. The varicocele starts at the veins
draining the round ligament and the inguinal
canal and is associated with engorgement of
the veins of the ovaries and the pelvis during
pregnancy.

4. Endometriosis [112, 113] that infiltrates or
borders the uterine round ligament can cause
RLP in fertile, non-gestating women.

5. Other pathologies that involve the uterine
round ligament can cause RLP.

However, diagnosis of RLP is problematic.
Some of the conditions that may present symp-
toms similar to those of RLP are AA, ectopic
pregnancy, kidney stones, urinary tract infec-
tion, uterine contractions, inguinal hernia,
ovarian cysts, and endometriosis. If abdominal
pain is continuous and accompanied by vagi-
nal bleeding, excessive vaginal discharge,
fever, chills, or vomiting, then it is most
unlikely to be RLP, and immediate specialist
consultation is warranted [113]. Physical
examination, ultrasonography, and blood and
urine tests may define the cause of abdominal
pain. In some cases, however, RLP was diag-
nosed only during exploratory surgery [111,
114, 115],

1.6.2 Stump Appendicitis

Stump appendicitis is an acute inflammation of
the residual part of the appendix and a rare com-
plication of an incomplete appendectomy. It can
present clinically as AA and/or as an appendiceal
stump/perityphlitic abscess. It was first reported
by Baumgartner in 1949 [116], and currently, 60
cases are published and found after open as well
as after laparoscopic appendectomy (LA) in gen-
eral population [117], There is only one case
report in pregnancy where fimbriae of the right
Fallopian tube were stuck on the appendiceal
stump end-to-end. The chorioamnionitis resulted
with preterm delivery [118],

1.6.3 Meckel's Diverticulitis

Symptomatic Meckel’s diverticulum/diverticu-
litis (MD) during pregnancy is exceptionally
rare. Wenzl in 1949 published the first case of
MD in a pregnancy [119]. Only 27 cases of
MD-complicated pregnancy have been reported
from 1949 to 2016 [120-125]. The average
maternal age in symptomatic MD was 24 years
(14-31 years). The most common presentation
was MD perforation (57%) [123]. In the non-
pregnant adult population, on the other hand,
perforation of MD occurs in 7.3-26.8% [126—
128], In general population, bleeding is the
most common presentation in patients younger
than 20 years [129, 130] and is rare beyond the
age of 30.

Preoperative diagnosis in pregnancy is difficult
(up to 2002 in only 9% [123]) because even on
transabdominal ultrasound, it can mimic AA, as
noncompressible tubular structure (see Sect. 1.7.5).

1.6.4 Crohn's Disease

See Chap. 8.

1.6.5 Urolithiasis/Urinary Tract
Infection

The difference in the sequence of events in AA
and pyelitis is important in differentiating them.
In AA the findings are first pain, later fever, and
rarely chills. In pyelitis chills come first and then
fever and pain. See Chap. 20.

1.6.6 Vomiting of Pregnancy

Even in 1905, Heaton explained the difference
between AA and vomiting in pregnancy. “The ill-
ness may be of all degrees of severity, from the
transient appendiceal colic to the fulminating AA
which proves fatal in a few hours. In the mild
cases, the sickness which ushers in the illness is
liable to be mistaken by both patient and
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practitioner for the ordinary vomiting of preg-
nancy. The use of the clinical thermometer in a
doubtful case should prevent mistake, for the
vomiting of pregnancy is ‘apyrexial,” and the
presence of fever, however slight, should always
put us on our guard and lead us to make a careful
examination of the right iliac region” [49].
Unfortunately, low-grade fever is present in only
50% of patients with AA (see Sect. 1.5.2).

1.6.7 Fitz-Hugh-Curtis Syndrome

Perihepatitis (Fitz-Hugh-Curtis syndrome) is the
result of early bacteremic or retroperitoneal lym-
phatic dissemination of C. trachomatis or gono-
coccal pelvic infection [131]. The syndrome is
most frequently seen in young women and is
more common in the second and third trimesters
and puerperium. Inflammation in the RUQ pro-
duces perihepatic adhesions. Classically, there is
sudden onset of sharp RUQ pain, often pleuritic
in quality. Nausea and hiccups are occasionally
noted. Physical findings include tenderness under
the right costal margin, an occasional hepatic
friction rub, and fever. Pelvic examination may
be normal or may reveal signs of cervicitis or pel-
vic inflammatory disease. Liver function tests
and cholecystogram may be transiently abnor-
mal. The diagnosis is suggested by a history of
recent pelvic infection, but the syndrome can be a
sequel of latent or asymptomatic infection. The
diagnosis is further supported by isolation of
gonococcus on cervical culture and improvement
on appropriate antibiotics [131]. It is important to
exclude other etiologies because there is no spe-
cific diagnostic marker of this syndrome.

1.6.8 Puerperium-Associated
Diseases

1.6.8.1 Metritis

The most common of these is metritis, the broad
group of postpartum infections of the genital
tract. Metritis is often insidious in onset. Because
of the vague initial manifestations, it is often a
diagnosis of exclusion. Endometritis, or decidu-
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itis, is an infection of the most superficial layer of
the uterus and is the most common site of puer-
peral infection. The onset of endometritis is com-
monly 2-5 days postpartum, and the earliest
manifestations are malaise, anorexia, and fever.
There may be no localizing signs or symptoms in
mild cases. The pelvic examination may be nor-
mal, even in the presence of severe endometritis.
The disease may progress further to involve the
myometrium (myometritis) and parametrial
structures (parametritis) with extension into the
broad ligaments, tubes, ovaries, and pelvic peri-
toneum [69], When the parametria are involved,
pain and tenderness are present deep in the groin.
Extensive infection may produce lethargy, chills,
high fever, and significant lower abdominal pain,
tenderness, and rebound. An accompanying para-
lytic ileus may cause distention and vomiting.
Myometritis and parametritis are usually accom-
panied by localized peritoneal signs and cervical
motion tenderness but rarely generalized perito-
nitis. The lochia may provide a clue as to the true
nature of the difficulty. Within 48 h the lochia of
an endometritis becomes serous, seropurulent, or
foul smelling if the infection is saprophytic. A
flare-up of a gonorrheal salpingitis seldom begins
before the seventh day, and the findings usually
are limited to the pelvis. A positive history of the
previous infection is important for the diagnosis.

1.6.8.2 Pelvic Thrombophlebitis/

Ovarian Vein Syndrome
Thrombophlebitis and thromboembolic events
occur significantly more often in pregnancy
especially puerperium. Ovarian vein thrombosis
complicates less than 0.05% vaginal deliveries
and 1-2% of Cesarean sections (CS) [132],
Ovarian vein thrombosis involves the right ovar-
ian vein in 90% of cases, which has been attrib-
uted to retrograde flow in the left ovarian vein
and antegrade flow in the right ovarian vein in
the postpartum period. This difference in blood
flow may be attributable to the physiologic dex-
trorotation of the uterus during pregnancy and
compression of the right ovarian vein. Women in
the puerperium are predisposed to deep vein
thrombosis attributable to sluggish circulation,
trauma to the pelvic vessels during delivery.
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immobilization,
hypercoagulability.

Other risk factors include abortions, gyneco-
logical surgery, malignancy, pelvic inflammatory
disease, Crohn’s disease, and infections with
Campylobacter fetus and group A streptococcal
bacteremia. Underlying inherited thrombophilia
primarily factor V Leiden mutations and protein
S deficiency has been reported in 50% of patients
with ovarian vein thrombosis. There are cases of
ovarian vein thrombosis associated with antiphos-
pholipid syndrome and heparin-induced throm-
bocytopenia type II.

Pelvic thrombophlebitis, or right ovarian vein
syndrome, commonly presents with abdominal/
pelvic pain (66%), fever (80%), and a tender
midabdominal or RLQ mass [132], However, the
diagnosis is often complicated by the other non-
specific symptoms and signs: back pain, nausea,
vomiting, tachypnea, tachycardia, hypotension,
ileus, and sepsis [133]. It may be difficult to dis-
tinguish from metritis but should be strongly con-
sidered if there is a poor response to appropriate
antibiotics or exclusion of adnexal torsion (see
Sect. 12.6). Diagnosis can be delayed due to
fever and elevated laboratory inflammatory
parameters that often mislead to the diagnosis of
AA, urinary tract infection or
abscess [134],

The diagnosis is frequently made after a fever
is nonresponsive to antibiotics after 48 h. Color
Doppler sonography is the first diagnostic proce-
dure [135], but due to low sensitivity and high
false-negative and false-positive rates, 1V con-
trast CT scan is preferred. The sensitivity of IV
contrast CT (Fig. 1.7) is 100%, while that of MRI
with gadolinium contrast 92% and duplex color
Doppler ultrasound 50% [136].

Untreated postpartum ovarian vein thrombosis
carries the risk of serious complications like sep-
sis and extension into the inferior vena cava.
Septic pulmonary embolism occurs in 11-33%
with an overall mortality of 4-5% [138].
Anticoagulation for 3—6 months with low-
molecular-weight heparin and a course of antibi-
otics for 2 weeks are the mainstay of treatment
offering cure to a high proportion of patients. The
surgical treatment is reserved for patients in

and estrogen-mediated

tubo-ovarian

Fig. 1.7 Abdominal CT scan showing thrombosed right
ovarian vein (arrow). Reproduced from [137] under the
CC BY 2.0

whom anticoagulation is contraindicated and
those who develop treatment-related complica-
tions and are at high risk for pulmonary embo-
lism—those with free-floating thrombus, an
extension of thrombus, or recurrent pulmonary
embolism despite adequate medical therapy [139,
140]. Surgical interventions include ligation and
splitting of the thrombosed ovarian vein and infe-
rior vena cava or placement of inferior vena cava
filters to prevent pulmonary embolism.

No uniform guidelines exist for evaluation of
thrombophilia after ovarian vein thrombosis.
Pregnancy and the puerperium are hypercoagu-
lable states, which may predispose women to
develop ovarian vein thrombosis. The risk fac-
tors associated with postpartum ovarian vein
thrombosis reported positive results for several
thrombophilias, including antiphospholipid syn-
drome, lupus anticoagulant, factor V Leiden
mutation, MTFHR C677T deficiency, and pro-
tein S deficiency [141], However, the American
College of Obstetricians and Gynecologists rec-
ommends testing white women with a previous
deep vein thrombosis for the factor V Leiden
mutation and individualizing testing in nonwhite
women [142],

1.7 Diagnosis

Medicine is a science ofuncertainty and an artof
probability.
William Osier



16

Until recently, negative appendectomy rates
(NARs) of up to 50% in pregnant women have
been tolerated, given the consequences of missing
an AA and the understanding that no test or com-
bination of tests existed with sensitivity and speci-
ficity above 80-85% [143]. Also, a pregnant
woman’s physiologic leukocytosis, increased
heart rate, and respiratory alkalosis make her
more likely to meet clinical criteria for systemic
inflammatory response syndrome than a nonpreg-
nant woman (plus a possibility of a delayed diag-
nosis of localized inflammatory disease) [144],

These are the reasons why all investigations
must occur in the hospital. Diagnostic workup
should be done on an interdisciplinary basis in
cooperation with the obstetrician. There was no
significant difference in the median time from pre-
sentation to first imaging test or surgery, the inci-
dence of negative pathology, or the appendiceal
rupture between women who presented to the ED
compared with those who presented to obstetric
triage [145]. The lag time between arrival to the
emergency room and laparotomy was significantly
higher in the second half of pregnancy compared
to the first half, being 11.6 and 7.7 h, respectively
[37]. Clinical and ultrasound examination is less
reliable in the second half of pregnancy.

Physicians may be reluctant to order a radio-
logical study because of the potential teratogenic
risks to the fetus as well as the medicolegal impli-
cations of the radiation dose causing birth defects.
For acute indications, the benefits for the mother
usually outweigh the small risk to the fetus. The
greatest effects of radiation occur during the period
of rapid cell proliferation (2-25 weeks of preg-
nancy). The recommended total dose of radiation
during this time is less than 5 rad. During the first
2-3 weeks of pregnancy, while cells are not yet
specialized, radiation injury will cause failure of
implantation or undetectable death of the embryo.
After that, the injury usually occurs in the organs
under development at the time of exposure.

No single diagnostic procedure results in a

radiation dose that threatens the well-being

ofthe developing embryo andfetus.
American College of Radiology [146]
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Thefetal risk is considered to be negligible

at 5 rad or less when compared with the
other risks of pregnancy, and the risk of
malformations is significantly increased
above control levels only at doses above 15
rad.

National Council on Radiation Protection [147]

Exposure to less than 5 rad (50 mGy) has not
been associated with an increase in fetal anoma-
lies or pregnancy loss [148], Also, there are fetal
risks during normal pregnancy: 3% risk of spon-
taneous birth defects, 15% risk of spontaneous
abortion, 4% risk of prematurity and growth
retardation, and 1% risk of mental retardation
[149], These data should be explained to the
future mother.

1.7.1 Laboratory Findings

Leukocytosis (raised white blood cell count—
WBC) is not diagnostic due to the physiologic
rise in some pregnant patients in the second and
third trimesters reaching 20,000/mm3 in early
labor [150]. For the orientation, the values over
16,000/mm3 should raise serious suspicion [19,
24, 40, 109, 143]. Unfortunately, only 60% of
those with perforation had values over 16,000/
mm3 [27]. If there is clinical suspicion of AA
with normal values of WBC, serial WBC counts
(every 6 h) may be helpful [151, 152], or com-
parison with previous WBC measurements dur-
ing normal pregnancy could help. If WBC values
during previous normal pregnancy were within
normal limits, then RLQ pain with elevated WBC
should be taken seriously.

Neutrophil granulocytosis with left shift: the
presence of increased proportions of younger,
less well-differentiated neutrophils and neutro-
phil precursor cells in the blood is diagnostic of
acute infection. If left shift is not present, then
granulocytosis of more than 80% should raise
suspicion of AA [85], In some studies bands
were not elevated on the WBC differential, mak-
ing a high band count not specific in these
patients [24, 153].
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A raised C-reactive protein (CRP) could be a
normal finding during pregnancy and especially
delivery and possibly protects the mother from
the injury and mechanical effects of labor. After
delivery in normal pregnancy, values increase 10-
to 20-fold (never >10 mg/L) when compared
with those recorded at admission, and these
increased levels may be associated with host
defense mechanisms [154]. Pregnant patients
with gestational diabetes, diabetes mellitus, obe-
sity, or pregnancy-induced hypertension have
elevated CRP levels but up to 10 mg/L [155—
158]. Despite racial differences, CRP levels are
also never over 10 mg/L [159]. CRP increases
bacterial phagocytosis and promotes the clear-
ance of dead cells. Therefore, CRP is of little
assistance in establishing the diagnosis [27], but
with other clinical symptoms and signs of AA, it
confirms the diagnosis when elevated over
10 mg/L. Some studies claim that all positive
cases had negative CRP values if the patients
were evaluated less than 12 h after the onset of
pain [109]. Sixty-eight percent with AA had
CRP = 10 mg/L, but all patients with perforation
had elevated CRP (mean 55 mg/L) [27].

The erythrocyte sedimentation rate is physio-
logically elevated and thus is a less reliable monitor
of inflammatory activity during pregnancy [160],

Leukocyturia (57%) and bacteriuria (41%)
are common findings in patients with AA [71],
This may also represent concurrent asymptom-
atic (or symptomatic) bacteriuria found fre-
quently in pregnant population [17]. Other
abnormalities such as mild proteinuria and/or
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hematuria could be present in up to 19% of preg-
nant patients [100],

Puerperal changes in blood components may
be confusing as well. During the first 10-14 days
of the puerperium, WBC counts of 20,000-
25,000/mm1lare not unusual; there is also a pre-
dominant increase in neutrophils. The erythrocyte
sedimentation rate may increase to 50-60 mm/h.
Reliance on either the erythrocyte sedimentation
rate or the WBC count for the diagnosis of acute
infection may be misleading [69],

1.7.2 Diagnostic Scoring Systems

Isolated clinical signs and blood indices are unre-
liable for the diagnosis of AA in pregnancy and
lead to an unacceptable NAR, up to 50% when
imaging studies are not used [37]. Therefore, sev-
eral clinical-imaging scoring systems have been
developed for a more precise diagnosis of AA in
nonpregnant population but without larger stud-
ies in the pregnant population.

1.7.2.1 Alvarado Score
and Modifications

The most commonly used score in nonpregnant
population is the Alvarado score described in 1986
[161] and has been extensively validated. The mne-
monic is MANTRELS (Table 1.4). Currently, there
is no specific scoring system for pregnant patients,
and Alvarado score [162] and modified Alvarado
scorefor pregnant patients [163] have been used in
small series of patients. When Alvarado score 7

Table 1.4 Comparison of Alvarado score and modified Alvarado score for pregnant patients

Alvarado score

Symptoms Score
Migratory RLQ pain 1
Anorexia 1
Nausea/vomiting 1
Signs

Tenderness in RLQ 2
Rebound tenderness in RLQ 1
Elevated temperature (>37.3 °C/>99.1 °F) 1
Laboratory

Leukocytosis (MO*OO/mm?5 2
Shift to the left (>75%) 1
Total score 10

Modified Alvarado score for pregnant patients

Symptoms Score
RLQ pain 2
Anorexia 1
Nausea/vomiting 1
Signs

Tenderness in RLQ 2
Rebound tenderness in RLQ 1
Elevated temperature (>37.3 °C/>99.1°F) 1
Laboratory

Leukocytosis (> 10,000/mm3) 1

Total score 9
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was used as a cutoff, the NAR was 15% [162]. The
difference in comparison to the standard Alvarado
score is that migration of pain is not included and
the number of pointsjust for the pain in RLQ is 2 in
comparison of 1 point in the standard Alvarado
score for the nonpregnant population. Leukocyte
left shift is not included, and leukocytosis (which
could be present in a normal pregnancy) has only 1
point in modified Alvarado score for pregnant
patients, and the total score is lower for 1 point (9
vs. 10) (Table 1.4). Positive predictive value was
60% in Alvarado score range of 5-7 and 100% in a
score range of 7-9. In the same study, the sensitiv-
ity of ultrasound was 78.6%.

1.7.3 Transabdominal Ultrasound

As a noninvasive procedure, it is considered by the
American College of Radiology Appropriateness
Criteria the initial imaging modality of choice for
suspected AA in pregnancy [164]. Sonographic
criteria are the same as in the nonpregnant popula-
tion for the diagnosis of AA [165]:

« Noncompressible appendix

¢ Appendiceal diameter >6 mm

¢ Appendiceal wall thickness >2 mm

e Free fluid around appendix

¢« Complex mass in the area of the appendix

Indirect signs include abnormal fluid collec-
tions in the pelvic cavity or around the cecum/
appendix. Evaluation of the entire length of the
appendix may be difficult in a pregnant patient
with an enlarged gravid uterus, and it is not sur-
prising that the focal area of AA may be missed
by using standard techniques. In many instances,
AA is morphologically evident only on its tip,
which is sometimes not visualized [165].

The reported sensitivity and specificity vary
dramatically. The reported sensitivity ranges from
66% to 100% [71, 160, 165-171] to only 40-50%
[85, 172], In few large studies, it was nondiagnos-
tic in up to 70-88% of patients [20, 173]. Because
its positive predictive value is almost 100%, it
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Fig. 1.8 Ultrasonography of the abdomen shows a tubu-
lar cystic structure measuring 8 cm x 2 cm in the right
iliac fossa, found to be giant Meckel’s diverticulitis.
Reproduced with permission from [125]

provides confirmation of the diagnosis when it is
positive. Sometimes differentiation between
(giant) MD and AA on ultrasonography can be
difficult because both are noncompressible tubu-
lar structures in RLQ (Fig. 1.8).

However, the diagnosis of AA could not be
ruled out if negative. The use of this technique
with the patient supine is difficult during the late
second trimester and third trimester of pregnancy
because the large size of the gravid uterus does
not allow graded compression. For women in the
late second trimester or third trimester, it is rec-
ommended that the patient is placed in the left
posterior oblique or left lateral decubitus position,
which allows displacement of an enlarged uterus
and use of the graded-compression technique
without difficulty [166], There is a significant
reduction in the NAR in the ultrasound/CT scan
group compared to the clinical evaluation group
or the ultrasound group. Thus, an ultrasound fol-
lowed by a CT scan in patients with a normal or
inconclusive ultrasound is recommended [171].
Currently, almost 100% of patients are submitted
to abdominal ultrasound preoperatively [15, 171],

1.7.4 Transvaginal Ultrasound

There are no Royal College of Obstetricians and
Gynaecologists guidelines about the use of
transvaginal ultrasound. The US Food and Drug
Administration (FDA) has proposed an upper
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limit of 720 mW/cm2 for the spatial-peak tempo-

ral average intensity of the ultrasound beam for * Free fluid in the pouch of Douglas

an obstetric ultrasound [174]. « Pathology in the ileocecal region (cecal
Transvaginal ultrasound can be used to look tumors, cecal diverticula, or retroperito-

for the following features [175]: neal tumors)

e Acute appendicitis (aperistaltic, tubular

structure measuring >6 mm, hyperemia,

« Presence and size of adnexal or uterine appendicolith, free fluid around the
pathology which can rule out AA appendix) (Figs. 1.9 and 1.10)

Fig. 1.9 Transvaginal imaging of the right adnexa, (a) Transverse view of the appendix, (b) Long view of the appendix
measuring 0.7 cm. Reproduced with permission from [176]

Fig. 1.10 Transvaginal imaging of the right adnexa dem-  Hyperemic appendix (AP) visualized in transverse,
onstrating appendicitis, (@) Enlarged appendix (AP) with appendicolith (*), right ovary (OV), and uterus (UT) seen,
appendicolith (*). The uterus (UT) is also seen, (b) Reproduced with permission from [176]
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Doppler sonography can produce high inten-
sities and should be used judiciously, keeping
the exposure time and acoustic output to the
lowest level possible [177]. Transvaginal
Doppler sonography is used for defining adnexal
torsion or vascularized tumors. In nonpregnant
women, 24% of patients with AA were diag-
nosed only by transvaginal scanning when
transabdominal was negative [175], Some rec-
ommend transvaginal sonography as the first
ultrasound diagnostic tool for female patients
with low abdominal pain [176].

1.7.5 Abdominal MRI

Magnetic resonance imaging (MRI) is the diag-
nostic modality of choice in patients for whom
the risks of radiation or the potential nephrotox-
icity of iodinated contrast agents is a major con-
cern. It is most useful for evaluating pregnant
patients with acute pain in the RLQ thought sec-
ondary to an extrauterine cause, such as AA or
ovarian torsion [178, 179]. Therefore, it is pru-
dent to perform an MRI in pregnant patients only
when ultrasound findings fail to establish a diag-
nosis. Indications for MRI are:

e The appendix is not visualized by
abdominal ultrasound.

¢ No other cause of an acute abdomen is
found.

The MRI criteria for AA include (Fig. 1.11):

¢ Appendiceal diameter >7 mm

« Appendiceal wall thickening >2 mm

« Appendicolith

e Signs of periappendiceal inflammatory
changes (periappendiceal fat stranding
and fluid)

The MRI criteria that exclude AA are (1) an
appendix of less than 6 mm in diameter and (2)

1 Acute Appendicitis

Fig. 1.11 Axial T2-weighted image demonstrating
dilated appendix (arrow) consistent with acute appendici-
tis. Reproduced with permission from [180]

Fig. 1.12 Coronal T2-weighted image demonstrating
normal appendix (arrow) in a 14 week gestation patient.
Reproduced with permission from [180]

an appendix with a diameter of 6-7 mm with no
evidence of periappendicitis (Fig. 1.12). The
second MRI scenario warrants close clinical
follow-up.

In pregnant patients suspected to have AA,
MRI sensitivities and specificities are 80-100%
and 93-98%, respectively, when compared to
surgical pathology [87, 180-189], There are
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several advantages of MRI for suspected AA in
pregnancy:

¢ Reduced rates of both negative laparotomy
and perforation [185, 189]

* ldentification of alternative causes for abdom-
inal pain [187, 189, 190]

* More frequent discharge from the emergency
department [185]

e Shortened length of stay in nonoperated and
operated groups [185]

Abdominal MRI has a 100% negative predic-
tive value when the appendix is visualized [184,
188, 189]. When appendix is not visualized on
CT, other findings consistent with AA such as
abscess formation and fat stranding often exist
[191]. Although comparable studies of nonvisu-
alized appendix on MRI have not been per-
formed, the diagnostic performance of CT and
MRI in the evaluation of AA during pregnancy
has yielded similar results [183, 192], However,
some advantages of MR1 over CT include the fol-
lowing [187]:

* Reduced requirement for contrast
administration.

¢« An entire abdomen can be viewed in more
planes.

* No radiation exposure.

MRI1 is not free of theoretical risks which include
(1) the potential biological effects of the static and
time-varying magnetic fields, (2) the heating effects
of the radiofrequency pulses (>1.5 T), and (3) the
acoustic noise generated by the spatial encoding
gradients [178], However, there are no reports of
adverse effects from MRI during pregnancy on the
developing conceptus [193], Therefore, MRI is cur-
rently preferred over CT [194],

There are also some limitations. The patient
should be informed that there are no known
harmful effects from the use of MR imaging at
15T or lower magnetic field strengths [178] and
that there is a lack of experience with the use of
field strengths greater than 2.5 T and they should
be avoided at present [178]. Absolute contraindi-
cations for MR include [146]:

¢ Metal implants not made of titanium

e Metal implants of unknown compaosition

¢ Gadolinium administration during the first
trimester

Gadolinium-based MR contrast agents are
known to pass through the placenta to the fetal
circulation. The contrast material is then excreted
by the fetal kidneys into the amniotic fluid where
the agent can remain for an indeterminate
amount of time. To date, no large, well-con-
trolled studies have been performed to document
the presence or absence of adverse fetal effects
resulting from maternal gadolinium administra-
tion. Therefore, the potential risks to the fetus
remain unknown [146], Rapid-sequence MRI is
preferable to conventional MRI because of the
briefer exposure [195].

Informed consent should be signed by
patient; the safety of MR for the fetus has
not been proved (US FDA guidelines and
the American College of Radiology)

1.7.6 Abdominal CT

Clinicians may not be well informed of the facts
relating to the use of diagnostic radiological stud-
ies in pregnancy. Lack of understanding of radia-
tion effects on the fetus causes unnecessary
anxiety in pregnant patients exposed to diagnos-
tic radiation and may lead to unnecessary preg-
nancy termination. A study from 2004 examining
physician perceptions of teratogenic risk associ-
ated with undergoing plain radiography and CT
during early pregnancy found that 3% ot the fam-
ily practice physicians would recommend preg-
nancy termination after first-trimester CT and
0.5% following radiography in the first trimester;
12% were not sure of the need for pregnancy ter-
mination after radiography; and 19% were not
sure about a CT scan examination. The same
study reported that 8% of obstetricians would
have recommended pregnancy termination after
first-trimester CT scan examination [196].
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CT scans of the appendix are identified as
positive for AA if following changes are found
(Fig. 1.13):

Enlarged appendix (maximum diameter
>6 mm)

Periappendiceal inflammatory changes
(fat stranding, phlegmon, fluid collec-
tion, and extraluminal gas)

\A

Fig. 1.13 Transverse sections of an oral and intravenous
contrast-enhanced CT scan demonstrate a thickened
appendix and periappendiceal fat stranding (arrow) in a
27-week pregnancy and proven acute appendicitis.
Reproduced with permission from [197]

1 Acute Appendicitis

In all instances, the “equivocal” readings influ-
ence on the sensitivity and specificity of CT,
depending on how these readings were handled. It
is preferable to use the multidetector row CT scan
with the high-speed mode in pregnant patients
since it has half the radiation dose of the high-qual-
ity mode and its scanning parameters are otherwise
identical. Radiation exposure in these settings is
300 mrad, which is below an accepted safe level of
radiation exposure in pregnancy of 5 rad. The cur-
rent opinion is that radiation may increase the
background incidence of cancers before the age of
20 by 0.06% per rad delivered to the fetus [198,
199], These are the results from 15 to 20 years ago.
Consequences of newer CT modules with lesser
radiation will be evident in the next decades.
Table 1.5 shows potential dose-dependent radiation
effects during fetal development. Sensitivity and
specificity in a pregnant population with AA are
similar to the general population with values almost
reaching 100% [197, 200, 201]. Limitations
include a small number of patients, retrospective
studies, and studies performed in tertiary care insti-
tutions; therefore, these findings may not be uni-
versally applicable. CT established a diagnosis in
30% of cases with an initial negative ultrasound
scan proving the accuracy of CT as well as its supe-
riority over sonography for this indication [201],
The higher the degree of appendiceal inflamma-
tion, the higher the sensitivity for detecting AA in
pregnancy [202]. Abdominal CT delineates other

Table 1.5 Summary of potential in utero-induced radiation effects

Conception age <50 mGy 50-100 mGy >100 mGy

Prior to conception None None None

Ist-2nd week None Probably none Possible spontaneous abortion
3rd-8th week None Potential effects uncertain Possible malformations increasing in
9th~ 15th week None and too subtle to be likelihood as dose increases
16th—25th week None clinically detectable Risk of diminished 1Q or of mental
>25th week None Potential effects uncertain retardation, increasing in frequency

and too subtle to be
clinically detectable

None
None

Reproduced with permission from [146]

and severity with increasing dose
1Q deficits are not detectable at
diagnostic dose

None applicable to diagnostic
medicine
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conditions in patients with clinical presentation of
AA. One of these is MD (Fig. 1.14).

The simplified diagnostic algorithm is pre-
sented in Fig. 1.15.

Abdominal CT scan should be used when
there is an uncertain clinical diagnosis or
equivocal laboratory or ultrasound findings
or where access to MRI or MRI expertise is
limited for diagnosis AA in pregnancy.

1.8 Treatment

Fig. 1.14 Abdominal CT with i.v. contrast demonstrates Let us return to our ideal; early operation is the
a fluid-filled collection under the umbilicus containing an only safe practice.

enterolith in addition to an intrauterine pregnancy in a John Benjamin Murphy, 1916
29-week-gestation patient. Reproduced with permission

from [124]

Get in and get out quickly.
Joseph Bolivar DeLee, 1921

Fig. 1.15 Algorithm for the evaluation of pregnant patients with suspected acute appendicitis. Reproduced with per-
mission from [173]
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1.8.1 Conservative Treatment
If the diagnosis of AA is highly suspected or
confirmed, management is always surgical
removal of the inflamed appendix. Murphy’s
statement from 1916 was for AA in general
population but should be adopted also for preg-
nant The largest population-based
study on more than 7100 appendectomies in
pregnancy showed that treatment was consider-
ably different in pregnancy. Conservative man-
agement was more common in pregnancy than
expected and ranges 5.8-9% [32, 203]. The first
successful attempt of conservative treatment
dates back in 1893 by Petersen during puerpe-
rium [2], The idea of conservative management
is to localize the process with interval appen-
dectomy later in the pregnancy or postpartum
[204], During the active disease, ultrasound- or
CT-guided drainage can be performed [205],
The lengthy symptom course should be
expected [205].

If the patient is in active labor and delivery is
imminent, the operation may be delayed for a

women.

1 Acute Appendicitis

short time (until the placenta is delivered), but
immediate appendectomy is advised if prolonged
labor is anticipated [34, 38]. The current recom-
mendation is that surgery should be preferred to
nonoperative approach [203].

1.8.2 Open Appendectomy

Because of the unreliability of the clinical diag-
nosis of AA in pregnancy, an aggressive surgical
approach (Fig. 1.16) has been advocated to avoid
progression to appendiceal perforation, which
has been associated with a high rate of fetal
demise [206-208].

During the 1950s, perforation of AA occurred
two to three times more frequently in pregnancy
[209]. In more than 7100 appendectomies during
pregnancy in the United States, 60% were man-
aged by laparotomy, 31% were managed by
laparoscopy, and the remaining 9% were man-
aged medically [210]. In Taiwan (2005-2010),
OA was performed in 76% of pregnant patients
[203]. Several incisions could be used.

Fig. 1.16 Treatment algorithm for acute appendicitis during pregnancy. 1V intravenous, PO per oral, Abx antibiotics,
wks weeks, FHM fetal heart monitoring, WBC white blood cells
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e The operation should be completed with
minimal or no uterine manipulation
which increases the risk of postopera-
tive uterine contractions [211].

* The mostexperienced abdominal surgeon
available should perform the procedure to
shorten the operative and anesthesia time
[212] and reduce possible intra- and post-
operative complications.

1.8.2.1 Muscle Splitting Incision
(McBurney's Incision, Gridiron
Incision)

This is the incision of choice for the open

approach in both general and pregnant patients.

The advantages are:

e It can be performed throughout the
pregnancy regardless of the gestational
age.

e Direct access to the suppurative process
without spreading it in clean areas.

¢ Minimization or elimination of uterine
manipulation.

¢ (Mostly) small incision with extremely
low risk for acute disruption or late
postoperative hernia.

There are some disadvantages of this approach.
In the latter pregnancy, the incision could be
positioned above McBurney’s incision and
slightly lateral because of possible displacement
of the appendix in the RUQ [8]. This change of
the location of the incision is not confirmed, and
the appendix can be easily located in 94% of the
incisions made through McBurney’s point and in
80% of the incisions made above McBurney’s
point [71, 213]. Another disadvantage is that it
may increase the possibility of extending the
incision and the necessity of uterine manipula-
tion to secure the surgical field.

To assuage or prevent compression of inferior
vena cava after 24 weeks of pregnancy, it is advis-
able to place a small but rigid pillow under the
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patient’s right buttocks to tilt the uterus to the
left. It can be used from the early pregnancy, as in
general population, to bring closer the ileocecal
segment to the abdominal wall.

Uterine Injury

Uterine injury can occur during both OA [214] and
LA [215]. Incision through complete thickness of
uterine wall can lead to significant complications:
(1) bleeding from the incision site, (2) leakage of
amniotic fluid, (3) the contamination of amniotic
fluid with the purulent or feculent material, and (4)
maternal C 02embolism during C 02 insufflation of
intrauterine cavity [216,217]. During the operation,
the ultrasound should be performed to determine
the presence of a fetal heart rate and an impression
of residual amniotic fluid volume. With a live fetus
and enough amniotic fluid and no significant bleed-
ing, the gestation could continue. The risk of cho-
rioamnionitis isaddressed by the use of perioperative
broad-spectrum antibiotics. The immediate risk of
preterm labor is addressed by the use of indometha-
cin (see Chap. 23), although a calcium channel
blocker is also an option and would not affect amni-
otic fluid volume or potentially mask an infection.
CS prior to the onset of labor is recommended to
minimize the risk of uterine rupture [218]. If signifi-
cant leakage occurs or there is a dilemma about fetal
vitality, the baby should be delivered by CS during
the same operation. Corticosteroids for fetal matu-
ration could be instituted if CS is expected in near
postoperative period. To detect chorioamnionitis in
early phase, once or twice daily WBC and CRP
could be measured. Cardiotocography should be
performed on a daily basis.

1.8.2.2 Lower Midline Laparotomy

This incision is used when acute abdomen with
diffuse peritoneal irritation is present. This is
important for three main reasons [40]:

¢ Dealing with unexpected surgical
findings
e Completion of “difficult” appendec-

tomy started through other incisions or
laparoscopy

e CS performed through the same incision
if necessary
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If CS is not indicated, then there are several dis-
advantages of midline and paramedian incisions:

« Difficulty of access

* Much pressure and handling of the uterus to
reach the appendix

¢ Increased rate of abdominal wall dehiscence
in near term pregnancy and labor due to
increased intra-abdominal pressure

¢ Increased rate of a postoperative hernia in
operations performed in near term pregnancy
due to increased intra-abdominal pressure

The largest population-based study on over
7100 appendectomies in pregnancy showed that
the rate of laparotomy was doubled compared
with the nonpregnant population [32].

1.8.2.3 Right Transrectal/Pararectal/
Paramedian Incision
In 1902 right transrectal incision was favored by
Donoghue [219], He stated that it is easy to reach
the appendix, the incision is easy to enlarge with-
out cutting the muscle fibers, and, in healing,
there is a constant tendency of the rectus fibers to
close the opening. If the incision is properly
closed, there will be little danger of rupture
before, during, or after delivery.

Currently, these incisions are rarely used. If
the diagnosis is certain, then McBurney’s inci-
sion is made. If acute abdomen with diffuse peri-
toneal irritation is present, then midline vertical
incision is a better option. Previously (especially
before the era of ultrasound), when the diagnosis
between acute cholecystitis and AA was not
clear, then the right transrectal incision was also
diagnostic. When the appendix was found to be
normal, the incision was extended cranially and
cholecystectomy performed. McCorriston sug-
gested using a right paramedian incision when
the diagnosis was uncertain [220].

1.8.3 Laparoscopic Appendectomy
Some recommend the routine use of nasogastric
tube due to both increased intra-abdominal pres-
sure and pregnancy-related gastric stasis [221].

1 Acute Appendicitis

1.8.3.1 Trimester

Previously LA during the latter part of the second
and the third trimester was controversial. Several
case reports and small series have reported suc-
cess during all trimesters without complications
[143, 222, 223], but in the same institutions, there
is a higher percentage of OA during the third tri-
mester [143]. Currently, more and more LAs are
done even in the third trimester [224],

When LA was introduced in pregnancy, oper-
ation times were approximately 50% longer but
with decreased length of hospital stay [225, 226],
With increasing number of LAs performed
worldwide, the duration of OAs and LAs became
the same [143]. Currently, the mean operative
times are around 45 min [227, 228], with longer
operating times with advanced gestational age
[228], This is faster than the recently reported
median operating time for LA in a nonpregnant
population (median 60 min) and may reflect the
fact that the LA in pregnancy is usually per-
formed by experienced surgeons [228, 229].
There is no significant difference in the rates of
intraoperative complications, fetal loss, or pre-
term delivery between trimesters [228, 230] or
between OA and LA [229], A potential disadvan-
tage of LA compared to OA is the necessity of
general anesthesia and compared only to median
laparotomy is the inability to perform CS— new
incision is needed.

There are many advantages of LA.
Laparoscopy expands the ability to explore the
abdomen with less uterine manipulation [231],
Further, it increases the ability to locate and treat
dislocated appendix and results in relatively
small incisions compared with the open tech-
nique or helps in detecting other unexpected
causes of acute abdomen [143, 232-234], In the
case of gynecologic disease, sometimes neither
insertion of additional trocars nor extension of
the incision is required [229], Reduced cecal
manipulation during LA with less cecal trauma
causes earlier restore of large bowel function and
earlier passage of the first flatus and first postop-
erative stool. With open (Hasson) technique for
the first trocar placement, there is almost no pos-
sibility of injury to intra-abdominal organs.
Direct uterine injury during trocar placement has
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been reported but without a fetal loss [216].
In addition to the general advantage of smaller
incisions, less postoperative pain, and earlier
return to normal activity, lower rates of abdomi-
nal wall dehiscence or herniation during labor are
another potential benefit. Rapid return to full
activity could reduce the frequency of maternal
thromboembolic events, which can be a source of
increased maternal morbidity and mortality.
Thromboembolic events are more common in
pregnancy [233, 235, 236]. Some found signifi-
cantly shorter hospital stay in the LA group
[143], while others did not find the difference
[229, 237], This can be explained by the fact that
the LA group is kept hospitalized for fetal sur-
veillance and not because of surgical need per se
[237], A Swedish study (1973-1993) evaluated
2233 LA and 2491 OA cases from two million
deliveries [238]. Outcomes evaluated birth
weight, gestational duration, intrauterine growth
retardation, congenital malformations, stillbirths,
and neonatal deaths with no statistically signifi-
cant differences comparing the LA and OA
group. It appears that there was an increased risk
for infants in both laparoscopy and laparotomy
groups to weigh less than 2500 g, to be delivered
before 37 weeks, and to have an increased
incidence of growth restriction compared with
the total population [238]. Meta-analysis from
2012 concluded that available low-grade evi-
dence suggests that LA in pregnant women might
be associated with a greater risk of fetal loss
[239], There is no difference between LA and OA
if the studies by McGory et al. [211] and Walsh
et al. [228] are excluded due to many proven
study limitations. Current studies show benefit
from LA compared to OA [237].

Laparoscopic appendectomy may be per-
formed safely in pregnantpatients with sus-
picion of appendicitis. Laparoscopic
appendectomy can be performed safely in
any trimester and is considered by many to
be the standard ofcarefor gravid patients
with suspected appendicitis.
SAGES clinical practice guideline
(2009 and 2011)
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1.8.3.2 Pneumoperitoneum

Laparoscopy during pregnancy potentially
exposes the fetus to risks from (1) trocar place-
ment, (2) the effects of C02 on the developing
fetus and the long-term effects of this exposure
with the significant fetal loss, and (3) conse-
quences of the increased intra-abdominal pres-
sure on the fetus (see Chap. 23).

The recommendation is that pneumoperito-
neum should be carried out using an open
(Hasson) technique for entering the abdominal
cavity under direct vision. Another possibility
is to use a Veress needle which can be inserted
in either the left or the RUQ in the midclavicu-
lar line approximately 1-2 cm below the costal
margin (Palmer’s point). Some claim higher
risk of perforation of intra-abdominal organs or
pneumoamnion especially in advanced
pregnancy [215, 226]. An optical trocar (under
direct vision) can be used for entering the

abdomen after pneumoperitoneum created
by Veress needle as in bariatric surgery.
Optical trocars can be used even without

pneumoperitoneum.

Gasless Laparoscopy

In an attempt to overcome the potential adverse
effects of pneumoperitoneum on the fetus, gasless
laparoscopic surgery (GLS) has been developed.
GLS in pregnancy has comparable outcomes to
conventional C 02 laparoscopy, but it is associ-
ated with some advantages. Hypercarbia and
increased intraperitoneal pressure due to C02
insufflation are avoided. Literature search up to
2013 did not find any case of GLS appendectomy
during pregnancy [240].

1.8.3.3 Laparoscopic Technique

In the first and early second trimesters, the tech-
nique is similar as in nonpregnant patients. The
third trimester poses additional difficulty mainly
because of the diminished working space avail-
able due to the enlarging uterus, the risk of injur-
ing the uterus, and the perceived risk for excessive
manipulation of the gravid uterus leading to pre-
term labor. In an advanced pregnancy, the port
positions are somewhat different (see further
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text). The patient is placed supine on the operat-
ing room table. Restraining straps are placed
across the chest and thighs, and sequential pneu-
matic compression devices are placed on both
lower extremities. Some recommend a Foley
catheter [241] and a nasogastric tube placement
and removal at the end of the operation. A prophy-
lactic antibiotic is administered intravenously
30-60 min before the skin incision. Maternal end-
tidal C02is monitored and should be controlled
within the physiological range (30-40 mmHg).
Patients are tilted to the left to displace the
uterus from the inferior vena cava and to remove
the small bowel from the operating field and a
slight Trendelenburg position, if necessary. The
procedure is performed using three ports, and their
placement is modified in accordance with gesta-
tional age. In the advanced pregnancy, the first port
for laparoscope (5 or 10 mm) is placed 2-A cm
cephalad to the gravid uterus in the upper midline
between the umbilicus and xiphoid process. The
bigger the uterus, the more cranial the first trocar is
placed for easier intraperitoneal manipulation.
There are several modifications of trocar sites
and trocar size depending on the laparoscopic
technique and equipment. Some recommend the
second port (5 or 12 mm) to be placed laterally in
the RLQ and the third port (5 or 10 mm) in the
RUQ in a more cranial location. When the linear
cutting stapler is used for the transection of the
appendix at its base, 12 mm port is necessary

1 Acute Appendicitis

[242], Other combinations of trocar placement
are presented in Fig. 1.17 depending on the
degree of uterine enlargement [241].

Sometimes the problems could arise with
the evacuation of infected liquid in the recto-
uterine pouch, especially during the advanced
second or third trimester. It is difficult to reach
the pouch without manipulations of the uterus,
and it is important to eliminate infective fluid
for two reasons: (1) to avoid pelvic abscess for-
mation and (2) to eliminate the possibility for
uterine irritability with its consequences (see
Chap. 23).

1.8.4 Perioperative Considerations
See Chap. 21.

1.8.4.1 Prevention and Treatment
of Preterm Labor
See Chap. 23.

1.8.4.2 Pathohistological Examination

All the extracted specimens should be sent to
pathohistological examination because, in this
pregnant patient group, other pathologies other
than AA (including carcinoid tumor and appendi-
ceal adenocarcinoma) could be found [143],
There is even a case of intussusception of the
appendix mimicking AA [243].

1-20 weeks 21-40 weeks

Fig. 1.17 Different trocar positions for a laparoscopic appendectomy in different stages of pregnancy. Modified with

permission from [236, 241]
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Pregnancy complicated with appendiceal
endometriosis (AE) is a rare condition ranging
3-8/10,000 deliveries [244], and only 18 cases
of AE mimicking AA in pregnancy are pub-
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lished (Table 1.6). Hematoxylin-eosin shows
AA, and the appendiceal wall has foci of endo-
metrial implants with acute
panel of immunohistochemical stains, including

inflammation. A

Table 1.6 Summary of cases of appendiceal endometriosis presenting as acute appendicitis during pregnancy and

puerperium

Author
Bogatko
[295]
Lane[303]
Tedeshi
[304]

Finch [305]

Cutait [306]

Pigne [244]

Gini [307]

Nielsen
[308]
Nakatani
[309]
Silvestrini
[310]
Stefanidis
[311]

Perez [245]

Giorgakis
[300]
Dimitriadis
[312]
Lofwander
[313]
Faucheron
[314]
Packeisen
[315]

Dogan [316]

Lebastchi
[317]
Collom
[318]

Balta [319]

Murphy
[320]
Garcia [321]

GA gestational age, NS not specified, RQL right lower quadrant

Age (years)
Gravidity/
parity

GA (weeks)
32; 2; 20

34; 12; NS
30; 2/3; 12

28; NS; NS
26; 1/0; 12
28;2/1; 19
23; 1/0; 35
NS; NS;
term

25; 2/0; 26
28; 2/1; 21
27; 3/2; 20
21; 3/1; 12
35; NA; 27
22; 211; 27
27; 1/0; 35
28; NS; 27
32; 2/INS;
36

30; 1/0; 24
33; NS; 31
32; NS; 34
33; 1/NS;
29

31; 2/1; 18

NS

Symptoms and
signs

RQL pain,
r=37.2°C

NS

NS

NS

RQL pain,
(=375°C
RQL pain,
t=375 °C
RQL pain

NS

RQL pain,
r=37.8 °C
RQL pain,
diarrhea

RQL pain,
t=375°C
RQL pain

RLQ pain,
t=38 °C
RQL pain,
afebrile
RLQ pain,
f=138°C
RLQ pain,
t=2375°C
RQL pain

RLQ pain,
t=373°C
Upper abdominal
pain, afebrile
RLQ pain,
t=38.3°C
RLQ pain,
t=37.2°C
RQL pain,
afebrile

NS

WBC count
per |iL
12,000

12,000
NS

NS

Leukocytosis

NS

NS

NS

16,000

Leukocytosis

15,600

14,700

Leukocytosis

13,100

22,000

19,000

14,700

19,500

18,700

12,100

16,700

11,600

NS

Surgery
McBurney’s
incision

NS

NS

Laparotomy

Laparotomy
Laparotomy
NS
Laparotomy
Laparotomy
Laparotomy
Laparotomy
Paramedian
incision
Laparoscopy
C-section with
appendectomy
Pararectal incision
C-section with
appendectomy
Paramedian
incision
Laparotomy
Laparoscopy
McBurney’s
incision
Laparoscopy

NS

Pathology
Serosal endometriosis

Decidual reaction
Decidual reaction

Decidual reaction,
inflammation

Decidual reaction,
inflammation

Endometriosis,
decidualization

Perforation, decidual
formation in all three layers
Perforation, decidual reaction

Perforation, decidual cells
and glands in all three layers
Appendiceal endometriosis,
decidual polyp
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cytokeratins CK7 and CK2(l, estrogen receptor,
and CD,o and PAXS8, can differentiate that the
intramural glands and the appendiceal mucosa
are of different nature, as the former react as
endometrial mucosa, whereas the latter react as
a colonic-type mucosa [245], Cytoplasm posi-
tivity of valentine and the nuclear presence of
progesterone receptors along with the lack of
pan-cytokeratin, HMB-45, and calretinin are
characteristics for deciduosis. A decidual polyp,
which occludes most of the appendiceal lumen,
is the extremely rare cause of AA during
pregnancy.

1.8.4.3 Postoperative Course

Potential advantages of LA in the pregnant
patient include decreased fetal depression due to
lessened postoperative narcotic requirements,
lower risks of wound complications, and dimin-
ished postoperative maternal hypoventilation
(see Chap. 21). A nasogastric tube is extracted
after the operation and early ambulation started
after several hours. Oral intake of fluids should
be commenced within the initial 12 h of opera-
tion if there are no nausea and vomiting.

1.9 Specific Considerations

1.9.1 Normal Appendix

1.9.1.1 Incidence

NARs during pregnancy and through decades
vary considerably (4-55%) [8, 11, 12, 17-24,
26, 27, 152, 171-173, 222, 241, 246-250],
Between 1951 and 1973, the AA was confirmed
in 58-68% [152, 248-250]. In comparison, NAR
in the general population ranges 10-15% and as
high as 26% among the reproductive-age
females. It should be stressed that NA does not
mean negative exploration. Around 15-20% of
patients with normal appendix have another
pathology (e.g., ovarian cyst, ovarian torsion,
mesenteric adenitis, fibroids, and salpingitis) as
the cause of the abdominal pain [173]. The dif-
ference in the NAR could be explained by differ-
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ences in the rate of imaging assessment prior to
surgery. The combination of physical examina-
tion, ultrasound, and CT has the lowest NAR
[171], NAR with clinical evaluation only is 54%,
36% in the clinical evaluation and ultrasound
group, and 8% in the ultrasound and CT scan
group [171], Recent studies without the use of
abdominal CT have a lower incidence of NAR
(11% and 16%, respectively) [71, 236]. With
increased use of abdominal CT, the NAR
declines without the cost of higher perforation
rate but with the additional risk of radiation
consequences.

High NAR may be due to the surgeon’s pro-
pensity for early intervention to prevent perfora-
tion and avoid unnecessary morbidity and
mortality. The highest rate is during the second
trimester [43], Obstetric complications due to
the abdominal operation are the rarest in the
second trimester. Therefore, surgeons could use
exploration in the second trimester more liber-
ately. There is a decreased risk of NAR in the
puerperium. This indicates that puerperal
women experience abdominal pain less fre-
quently or are less prone to seek care for abdom-
inal pain [43]. Additionally, clinicians use
abdominal CT more liberately in puerperium
because there is no radiation exposure to the
fetus. There is no significant difference of NAR
between laparoscopic and open appendectomy
(OA) groups [241], Probably, as in nonpregnant
population, the correlation between NAR and
perforation rate exists. In one older study, NAR
was 28.5% and perforation rate 20% [8],
Unfortunately, NA is not without the risks. The
fetal loss rate of 2-3% for both NA and non-
perforated AA is reported [211, 251], It is not
known whether it is the type of the procedure or
undetected underlying pathology that influences
fetal risk rates. Therefore, clinicians should
consider three issues: (1) the accuracy of preop-
erative diagnosis, (2) delay to surgery, and (3)
radiation risks for the fetus.

It should be noted that using modern diagnos-
tic modalities, correct diagnosis of the acute
abdomen during pregnancy depends on the cause.
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It can be also presented as an index of wrong
diagnosis and can be compared with other acute
conditions in pregnancy:

Index of wrong diagnosis (%) = provision-
ally diagnosed cases — confirmed
cases x 100 provisionally diagnosed cases

Up to the more routine use of abdominal MRI
or CT scan, it was up to 50% [37] and was trimes-
ter dependent (18% in the first, 37% in the sec-
ond, and 39% in the third [24]). For comparison
index of the wrong diagnosis is only 8.5% for
acute cholecystitis [20, 252], Wrong diagnosis of
AA between 1951 and 1973 was 32742% [152,
249, 250], In two studies published in 1953 and
1954 analyzing the previous decade, the index of
the wrong diagnosis was 56-65% [65, 80].

1.9.1.2 Indications for Appendectomy
There is still a dilemma to perform or not an LA
if the appendix looks macroscopically normal in
the nonpregnant patient, as well as among the
population with no other abdominopelvic pathol-
ogy. Previous reasons were:

* Retaining a normal-looking appendix allows
it to be used
[253],

e 43% incidence of spontaneous abortion after
OA [249],

in reconstructive procedures

Probably this higher rate of spontaneous abor-
tion was due to the manipulation of the uterus
precipitating uterine irritability and subsequent
abortion or labor.

Others recommend the removal of the appen-
dix: (1) to rule out AA histologically and (2) to
eliminate the differential diagnosis of AA if the
patient’s symptoms return. It can partly be
explained by the fact that gross changes are not
visible if intramural, mucosal, and submucosal
changes in the appendix are present which could
be responsible for the symptoms. Van den Broek
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et al. reported that 9% continued to have recur-
rent RLQ pain after negative laparoscopy without
appendectomy [254]. This is due to early intralu-
minal (mucosal) inflammation—endoappendici-
tis—which subsequently leads to transmural
inflammation, or the inflammation subsides and
could lead to chronic appendicitis with recurrent
episodes of RLQ and other symptoms mimicking
AA. Several studies report 20-22% of patients
with clinical suspicion of AA who underwent
appendectomy responded very well to appendec-
tomy in spite of a normal microscopic examina-
tion of the appendix. The explanation could be
found in other underlying causes such as appendix
colic, appendiceal lecalith, and functional appen-
diceal abnormality or functional appendicopathy
that might be the contributory factors rather than
acute inflammation [255, 256]. In one study,
there were 30% of intraoperative diagnoses of
normal appendix confirmed with inflammation
confirmed histologically. Authors recommend
appendectomy in these situations [257]. These
conclusions are similar to SAGES guidelines tor
LA in general population (04/2009): If no other
pathology is identified, the decision to remove the
appendix should be considered but based on the
individual clinical scenario. Macroscopically
normal appendices may have abnormal histopa-
thology. Several studies have shown a 19-40%
rate of pathologically abnormal appendix in the
setting ofno visual abnormalities. Therefore, the
risk of leaving a potentially abnormal appendix
must be weighed against the risk of appendec-
tomy in each individual scenario.

Furthermore, some neoplasms of the appendix
can occur in an organ that appears grossly unre-
markable. If pseudomyxoma peritonei is observed,
the appendix should always be removed and sub-
jected to a thorough histological examination.

As a surgeon, you should not be deterred
from removing an appendix once the diag-
nosis is suspected because pregnancy is not
affected by the removal of a normal appen-
dix [258],
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Incidental Meckel's
Diverticulum

1.9.2

Given the high incidence of perforation
(57%) resulting in significant maternal and
fetal mortality, removal of incidentally
found MD is justified in the pregnant
patient [123], especially (1) in patients with
desire for future pregnancies and (2) due to
specific diagnostic difficulties of the condi-
tion in pregnancy.

Benefits from the removal of an incidental
MD in general population are far superior to the
risk of developing complications. If the patient in
general population fulfills any of the following
criteria (or combination), then there is an indica-
tion for the incidental MD to be removed [259]:

« Patient age younger than 50 years

¢ Male sex

¢ MD length greater than 2 cm

e Ectopic or abnormal features within a
diverticulum

When one criterion is met, the overall propor-
tion of symptomatic MD was 17%. When two,
three, or all four criteria were met, the proportion
increased to 25%, 42%, and 70%, respectively
[259]. If the asymptomatic MD or symptomatic
MD is found, diverticulectomy or wedge small
bowel resection with subsequent bowel continu-
ity is performed both during OA and LA. During
LA an endoscopic linear cutting stapler is intro-
duced through a 12 mm trocar and applied to the
base of the MD, perpendicular to the base of the
MD but transverse to the longitudinal axis of the
bowel. The stapler is fired and the MD resected
off the ileum. Small bleeding points at the edge
of the staple line, if present, are sutured intracor-
poreally with 3-0 resorptive sutures. All the spec-
imens are delivered through 12 mm (which can
be extended if needed) port with the use of a bag
if needed. A wedge resection is not necessary for
these incidental findings because the base of the
MD is not inflamed. If suture techniques are used
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after excision, bowel continuity is achieved by
placing intracorporeal sutures with 2-0 or 3-0
resorptive sutures. Specimen should always be
sent for pathohistological examination.

1.9.3 Ectopic/Heterotopic
Pregnancy

Ectopic pregnancies (EPs) occur at a frequency of
approximately 16/1000 patients [260]. Only 24

cases of EP has been reported in conjunction with

AA in the medical literature since 1960 [261—
264], One of these cases is maybe not really con-

current AA because the patient presented 1 week

after termination of EP [260], It is unknown

whether AA is coincidentally associated with

EP. EP may trigger AA through a combination of
contiguous initial inflammation which creates a
portal for infection in the appendix by normal

colonic bacterial flora, the so-called periappendi-

citis [261]. Lymphoid hyperplasia causes luminal

obstruction. A subsequent increase in intralumi-

nal pressure results in ischemia of the appendiceal

wall. In the opposite direction, an antecedent AA

with spontaneous resolution could also conceiv-
ably result in peritubular inflammatory adhesions

favoring the development of the EP. It is of par-
ticular interest that 75% of tubal pregnancies

involve the right tube [21]. Also reported cases of
concurrent EP and AA have indicated a predilec-
tion for right tubal EP (75%) versus left tubal EP

(16%) [261]. The rarest form is AA with hetero-

topic pregnancy (HP). This is the most difficult
situation because the patient has three potential

causes of abdominal pain: appendix, intrauterine,

and extrauterine pregnancy [265].

Although advances in transabdominal
transvaginal sonography and highly sensitive tests
for pHCG have facilitated earlier diagnosis of EP
before the onset of clinical symptoms, differences
in operator technique and obscuring bowel and
gas may render preoperative diagnosis of AA and/
or EP inconclusive. A corollary of this is that lack
of definitive findings on sonography (such as free
pelvic fluid, echogenic adnexal mass for EP, and
noncompressible appendix >6 mm with free fluid
for AA), in the presence of high clinical suspicion
from a complete history and physical examina-

and

tion, should not preclude a differential diagnosis
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including AA and EP in the workup of acute
abdomen in pregnancy [27, 42, 261, 265],
Because of the uncertainty in diagnosis and to
improve the maternal prognosis, emergency
exploration is indicated. Confirmation of the
diagnosis and the management of both EP and
AA may be performed by laparoscopy, either
microlaparoscopy or classic laparoscopy, prior to
preceding to an open laparotomy [27, 261, 266,
267], especially when the hemorrhagic shock is
encountered. There are no recommendations
whether to do appendectomy if the normal appen-
dix is found during exploration with proven
EP. Appendectomy could be recommended if
Fallopian tube-sparing surgery is performed due
to (1) not adding to postoperative morbidity and
significant risk of postoperative complications,
(2) further pregnancies or possible recurrent EPs
which have lesser differential diagnosis if a
patient presents with lower abdominal pain, (3)
elimination of the possibility of AA in this high-
risk group due to age and increased incidence of
AA when right-sided recurrent EP is present
[260], and (4) elimination of the possibility of
AA which can cause periadnexal
increasing the risk of right-sided EP.

adhesions

1.9.4 Assisted Reproductive
Techniques

1.9.4.1 General Considerations

In vitro fertilization (IVF) is now widely used for
the treatment of infertility. Low birth weight and
macrosomia are also known to be associated with
immediate and long-term risk to offspring health,
and IVF singletons are at increased risk of these
complications [268, 269], It is now recognized
that factors leading to infertility may be respon-
sible for adverse perinatal outcome rather than
the process itself [270]; however, which parental
characteristics of infertile couples contribute to
adverse perinatal outcomes in IVF singletons and
can thereby be targeted for intervention remains
unknown. Maternal characteristics, in particular,
maternal age, the source of the oocyte, and cervi-
cal causes of infertility are strongly associated
with the risk of low birth weight and preterm
delivery in singleton live births resulting from
IVF. Notably, some of these associations were in
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the opposite direction to those seen for successful
live birth. Thus, in women who successfully have
a singleton live birth with IVF, the risk of low
birth weight is reduced in older compared with
younger women, and both low birth weight and
preterm are reduced when the woman’s own
embryo has been used [271].

1.9.4.2 Published Reports

In cases of IVF-ET techniques, the complication
of EP/HP is relatively common, occurring in
1-3% of these pregnancies [272, 273], while HP
has been estimated at 1/30,000 non-1VF pregnan-
cies [274]. Transfer of four or more embryos
poses an additional risk for HP [275]. There are
five cases of AA in IVF-ET pregnant patients
which present significant incidence in compari-
son to the incidence of non-1VF pregnancies (24
cases—see Sect. 1.9.3). Of these, two cases had
HP (9 weeks [267] and 6 weeks [276]). Both
patients underwent right salpingectomy and
appendectomy and both delivered by CS. The
third case described a woman with a perforated
appendix and an EP [266]. The remaining two are
iatrogenic appendiceal punctuations with the
needle for oocyte retrieval and subsequent devel-
opment of perforated AA [277, 278]. Indicative
of iatrogenic injury is the development of AA
several (up to 9) days after the IVF procedure.

In patients with severe abdominal pain after
both IVF and ET techniques, AA and EP should be
included in the differential diagnosis [276]. During
diagnostic laparoscopy, both appendix and adnexa
should be always examined in IVF pregnant
patient despite proven normal intrauterine preg-
nancy, especially if AA is proven intraoperatively
with fresh blood in the pelvis or around the adnexa
or appendix. Additional confirmation of this rule is
that (3HCG in HP is elevated due to normal intra-
uterine pregnancy and is not diagnostic for HP.

Appendectomy is mandatory (Fig. 1.18), and
therapeutic approach of simultaneous EP/HP
depends on several factors:

Ruptured HP

1 Intrauterine pregnancy preserved
2. Salpingectomy or salpingotomy
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Ruptured EP

1 Salpingectomy or salpingotomy

Fig. 1.18 Laparoscopic view of unruptured ectopic preg-
nancy in the right Fallopian tube. The knot is placed on
the base ofantecedentappendectomy (arrow). Reproduced
with permission from [279]

The benefits of salpingectomy over salpingot-
omy are uncertain. Salpingectomy may be easier
and safer, especially in the presence of a live
intrauterine pregnancy. It reduces the risk of
complications such as the persistent bleeding or
retention of trophoblastic tissue that can occur
after salpingotomy [274]. Also, if Fallopian tubes
are significantly damaged and not functional for
further spontaneous pregnancies, salpingectomy
is recommended. Salpingectomy should be con-
sidered also if the contralateral Fallopian tube is
healthy as this treatment does not preclude future
fertility. For unruptured variants, therapeutic rec-
ommendations are:

Unruptured HP
1. Intrauterine pregnancy preserved
2. Salpingectomy or salpingotomy

Unruptured EP
1 Methotrexate
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Even a case of ovarian hyperstimulation syn-
drome (OHSS) and AA is described [280].
Epigastric pain is not an uncommon symptom in
patients with severe OHSS with massive ascites.
Febrile morbidity is often observed in patients
with severe OHSS without infection [281]. An
elevated white blood cell count is also found both
in patients with severe OHSS [282] and in those
with AA. The possibility is raised that OHSS
might affect the course of concurrent AA. An
increased rate of infectious disease was reported in
patients with OHSS, possibly due to immunodefi-
ciency as a consequence of hypoglobulinemia, a
frequent occurrence in patients with severe OHSS
[281], Severe stress associated with symptoms of
OHSS, a hospital stay, multiple monitoring, and
therapies might also impair immunoprotective sta-
tus. Following this logic, it may be that AA with
OHSS could be more aggressive and is likely to
rupture than without OHSS. Once bacteria are
seeded into the peritoneal cavity associated with
OHSS, they may grow rapidly to form abdominal
abscesses, because ascitic fluid of OHSS serves as
an excellent culture medium for bacteria with its
rich source of nutrients including albumin [283]. It
seems that OHSS, if complicated by intraperito-
neal inflammatory disease, may worsen its poten-
tially life-threatening conditions.

For patients who appear to develop high-risk
signs of OHSS, such as rapidly increasing estra-
diol levels or massive follicular recruitment, a
decrease of medication dosages or alteration of
the ratio of individual medications in the regimen
could be attempted, but if the nonobstetric acute
abdomen is suspected or proven, all these medica-
tions should be withdrawn. In the single case of
OHSS with perforated AA, there is no mention of
perioperative care except appendectomy and anti-
biotics and no mention of any complications of
prolonged (37 days) postoperative course [280].

1.9.5 Sickle Cell Disease

1.9.5.1 Incidence

There is no data available regarding the incidence
of AA and appendectomy in sickle cell disease
(SCD) patients during pregnancy. The incidence
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depends on the prevalence of SCD in different
regions of the world. In Saudi Arabia, the incidence
is 16.9% [284], It is known that the incidence of
AA is lower in a nonpregnant population with SCD
than in the general nonpregnant population [285,
286], Also, homozygous SCD is now known to be
widespread and has broad clinical variability;
therefore, conclusions are difficult to be made.

1.9.5.2 Clinical Presentation
and Laboratory Findings

In the largest study [284], 75% of the SCD
patients reported pain in their RLQ, the same as
those reported in other studies for pregnant non-
sickler patients [27], Vomiting was a common
complaint (67%) [284], and it was comparable to
other reports for pregnant nonsickler patients with
AA [287]. Only 50% of the AA patients had a
fever, while none of the sickler patients had
pyrexia in the normal appendix group. Around
75% of the AA patients with SCD had WBC
>16,000/mm3[284], As in other studies, there is a
significant difference in the WBC counts in
patients having AA compared to those with non-
inflamed appendices [25]. As with nonsickler
patients, delaying the appendectomy beyond 24 h
in their third trimester is associated with gangrene
and perforation of the appendix [18, 284, 288].

1.9.53 Prognosis

Pregnancies in SCD patients, in general, present
aclinical challenge as maternal mortality is 1-2%
and perinatal mortality are 5-6% [289, 290].
Maternal mortality is rarely encountered in cases
of AA in pregnant nonsickler patients [27], and
there was none in largest AA study in SCD
patients [284], The fetal loss and the premature
delivery rates were 9 and 18%, respectively,
which are consistent with other reports [13, 19].
The incidence of complication in SCD patients in
Al-Mulhim’s study is lower than in other studies
[291]. This may be because of the milder form of
SCD in this area (Al-Hassa) due to the presence
of high levels of HbF in the affected population.
The high HbF levels protect against several clini-
cal features associated with SCD, but the associa-
tion between HbF levels and the severity of the
disease process is complex [289].
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1.9.6 Appendiceal Endometriosis/
Deciduosis

1.9.6.1 Historical Considerations
Formation of ectopic decidua (deciduosis) dur-
ing pregnancy is a well-documented phenome-
non that has been attributed to hormonal effects
on the ectopic endometrium, namely, endome-
triosis, or on the normal subceolomic mesothe-
lium. AE was first described in 1860 by von
Rokitansky [292], and then Hirschberg in 1905
coined the term periappendicitis decidualis,
describing a patient with AE with right-sided
tubal EP [293]. Sampson proposed the theory of
retrograde menstruation as the primary etiologi-
cal factor producing endometriosis [294] and
reported AE. The first AA due to AE in 20 weeks
of pregnancy was described by Bogatko in 1949
with the uneventful postoperative course and
later delivery by CS [295].

1.9.6.2 Incidence

AE is rare in general population, occurring at the
rate of 0.2-0.3% in appendectomy specimens
[296]. AE accounts for 0.0075-0.045% of all cases
of extrapelvic endometriosis [297] and 1% of all
cases of pelvic endometriosis [298] in general pop-
ulation. A more recent study found the prevalence
of AE in patients with biopsy proven endometriosis
or with chronic RLQ pain of4.1 and 3.7%, respec-
tively [299]. Notably, this was higher than the 2.8%
prevalence by Giorgakis et al. in 2012 and much
higher than its prevalence in all patient population
(0.4%) [300], Pregnancy complicated with AE is
rare, ranging 3—8/10,000 deliveries [244],

1.9.63 Risk Factors

When age, parity, and pregnancy duration at
diagnosis were compared for women experienc-
ing AE and AA during pregnancy, no differences
were found between the groups [24, 43, 301].
WTien pelvic endometriosis is present, the odds
ratio for the presence of AE was 20.9 compared
with the general population [299]

1.9.6.4 Clinical Presentation
Isolated AE in general population is usually asymp-
tomatic, and the lesions are discovered incidentally
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in appendectomy specimens or during colonos-
copy when an inverted or bulbous appendiceal ori-
fice is noted. Cyclic RLQ pain during menstruation
is typical before pregnancy. In pregnant population,
the frequency of the presenting symptoms and
signs such as abdominal pain, nausea, vomiting,
and body temperature was not different in acute AE
and AA and therefore not helpful in establishing
the correct diagnosis (Table 1.6).

1.9.6.5 Diagnosis

As physical examination, WBC count was not
different in acute AE and AA and therefore not
helpful in establishing the correct diagnosis
(Table 1.6). Leukocytosis can be due to deciduo-
sis (or normal pregnancy) that has been related to
the production of granulocyte colony-stimulating
factor [302], The only gold standard for the diag-
nosis of EA is laparoscopy or laparotomy, done
in standard fashion for AA (see Sect. 1.9).

1.9.6.6 Prognosis

Most cases of AE are discovered as a result of an
incidental appendectomy. The occurrence (of
complications) is higher during the third trimes-
ter (Tables 1.6 and 1.7). This difference, however,
was impossible to evaluate because of the small
sample size and missing variables, e.g., the tim-
ing between diagnosis and surgery. It may be
speculated that decidual reaction in pregnancy
affects decidual cells present within the appendix
as well. Changes in intra-appendiceal decidual
cells would induce a more inflammatory response,
which, in turn, may increase the risk of perfora-
tion. Perforation is probably facilitated by this
transmural lesion as it occurs in the endometri-
otic area [314], Around 30% of cases during
pregnancy was complicated by perforation at the
time of surgery; there were no maternal or fetal
complications in 45% of the cases; and there was
one case of preterm labor with infant death.

1.9.7 Appendiceal Carcinoid

Even in general population, tumors of the appen-
dix are rare, and the most common is appendiceal
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Table 1.7 Comparison between appendiceal endometri-
osis presenting as acute appendicitis in pregnancy and
pregnancy complicated with classic acute appendicitis

Acute
appendicitis in
pregnancy [24,

Appendiceal
endometriosis
in pregnancy

Variable [245] 301]
Age (years) 27 27
Primiparous (%) 27 32
Multiparous (%) 45 68
First trimester (%) 36 38
Second trimester (%) 28 52
Third trimester (%) 36 10
RLQ pain (%) 73 72
Mean temperature 37.5°C 37.6 °C
Mean WBC (mm3) 9800 16,400

Reproduced with permission from [245]

carcinoid which accounts for 85% of appendiceal
tumors [322], with a median age of 29.8 years
[323]. In 80%, the appendiceal carcinoids are
incidentally discovered in the removed organ
without particular signs before surgery. Carcinoid
tumors are found in 0.3-0.9% of appendectomy
specimens in general population [324], There are
several cases of appendiceal carcinoid in preg-
nancy presenting as AA [325-330], the first pub-
lished by Berriors et al. in 1965 [329], The
interaction between the carcinoid tumor of the
appendix and the pregnancy has not yet been elu-
cidated [327],

Postappendectomy therapeutic principles dur-
ing pregnancy depend on the:

* Tumor diameter (2 cm)
e Tumor localization
e Tumor grade and stage
« Weeks of gestation

If the tumor is on the appendiceal base or is
greater than 2 cm, right hemicolectomy is indi-
cated several weeks after delivery [327]. If CS
should be performed due to obstetric indications,
right hemicolectomy should be performed after
CS during the same operation.

Selective specific medical treatment like
somatostatin (analogs) and avoidance of condi-
tions and substances that cause flushing may be
useful during pregnancy [331],
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1.9.8 Perityphlitic Abscess

When an appendiceal abscess is recognized,
drainage should be established without delay
because of the great liability of rupture of the
abscess into the peritoneal cavity, especially in
pregnancy. The explanation lies in the fact that
the growing uterus during pregnancy, the con-
tracting uterus during labor, and the shrinking
during puerperium form the unstable inner
boundary of the abscess, hence the great liability
of the abscess to rupture [44]. The greatest pos-
sibility of this event is during labor when con-
tracting uterus, later shrinking uterus, has a
significant impact of disseminating pus with the
possibility of contamination of genital tract.

1.9.9 Puerperium

The abdominal wall also undergoes significant
change during pregnancy, with muscle tone
reduction and skin elasticity to accommodate
the enlarging uterus. The abdominal wall tone
remains lax for several weeks postpartum,
returning to a near-nonparous level in 6-7
weeks. The hallmarks of the acute surgical dis-
ease, abdominal guarding and rigidity, are
rarely encountered during the early puerpe-
rium. This single feature is responsible for
confusion and delay in proper surgical diagno-
sis. Some found pronounced abdominal disten-
tion and acute diffuse tenderness due to
peritonitis with secondary paralytic ileus but
little guarding [46, 332], Puerperal changes in
blood components may be confusing as well.
During the first 10-14 days of the puerperium,
WBC counts of 20,000-25,000/mm3 are not
unusual; there is also a predominant increase in
neutrophils. The erythrocyte sedimentation
rate may increase to 50-60 mm/h. Reliance on
either the erythrocyte sedimentation rate or the
WBC count for the diagnosis of acute infection
may be misleading. The enlarged uterus does
not hamper exposure, even in the first week. At
the time of surgery, the uterine fundus is infe-
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rior to the umbilicus. There were no adhesions
encountered in the CS group. The course of the
procedure and recovery was identical to the
remainder of patients.

The final unique consideration in the postpar-
tum patient is the presence of a healing abdomi-
nal incision after CS. There are no published
studies on outcomes for recent abdominal inci-
sions subjected to early pneumoperitoneum.
Most commonly pneumoperitoneum is limited to
10 mmHg in the CS patients. This may have been
beneficial in preventing undue mechanical strain
on the healing wound, though there were no con-
trols with the standard (15-16 mmHg) for com-
parison. It seems prudent to utilize the minimal
intra-abdominal pressure necessary for adequate
exposure in these patients. Although evidence
suggests fascial separation, if present, occurs
early, it remains to be seen what long-term status
these incisions will achieve. No hernia has devel-
oped in these patients with a follow-up of 5.5
years [333].

1.10 Prognosis

The mortality of appendicitis Complicating preg-
nancy and the puerperium is the mortality ofdelay.
Edmund Adam Babler, 1908

1.10.1 Conservative Treatment

The results of the largest population-based study
of more than 7100 pregnant patients with AA
confirm current recommendations of appendec-
tomy during pregnancy. Statistically, significant
increase was noted in maternal morbidity includ-
ing septic shock (6.3-fold), peritonitis (1.6-fold),
and venous thromboembolism (twofold) with
conservative treatment [32], Risks of perinatal
adverse events such as preterm labor and
spontaneous abortion are significantly higher
[203]. The higher maternal mortality rate is found
in nonoperated pregnant patients [334]; there-
fore, surgical treatment with highly suspected or
proven AA is recommended.
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1.10.2 Perforation Rate

Perforation rate in pregnant population has been
reported as high as 55-60% compared to 4-19%
in general population [33, 41,211, 225], Delay in
the diagnosis and surgical intervention can lead
to appendiceal perforation. Around 1950 perfora-
tion of AA occurred two to three times more fre-
quently in pregnancy [209], A 66% perforation
rate has been reported when the operation is
delayed by more than 24 h compared with 0%
when surgical management is initiated prior to
24 h after presentation [41], The timing of inter-
vention varies by trimester: 90% of patients in the
first trimester undergo the operation within 24 h
of the onset of symptoms, whereas in the third
trimester, up to 64% of the patients have symp-
toms for more than 48 h before operation [101,
335], Diagnostic and therapeutic delay of more
than 48 h is especially seen during labor and
early puerperium [46, 336-338]. In 1908, Babler
collected 28 cases of AA during early (first 10
days) puerperium. The perforation rate was 64%
[339], The difficulty in making a clinical diagno-
sis particularly close to term combined with the
previously quoted high incidences of fetal and
maternal mortality for appendiceal perforation
has led to a traditionally low threshold for surgi-
cal intervention. This is partly due to inaccurate
preoperative diagnostic imaging. This has
resulted in a higher NAR, ranging 23-55% in
pregnant women compared with 18% in nonpreg-
nant women [24, 25, 43, 149, 228, 236, 339]. The
first trimester yields a greater accuracy, but more
than 40% of patients in the second and third tri-
mesters will have a normal appendix [208].
Perforation can also result in an increased risk of
generalized peritonitis because the omentum can-
not isolate the infection [42]. Therefore, extra
caution should be applied during early puerpe-
rium because:

e Painful and prolonged labor masks the symp-
toms of AA.

» Epidural analgesia during labor suppresses the
symptoms of AA.
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¢« Abdominal pain affects up to 98% of postpar-
tum women [340, 3411].

¢ Leukocytosis and fever are especially exag-
gerated in the early puerperium.

The trend in overall perforation rate is lower-
ing from 25-29% [71, 342] to 15-20% during the
last several decades [22, 32], Partly this decrease
in perforation rate is due to recent findings of
shorter admission to surgery interval. The perfo-
ration rate through the trimesters increases:
6-8.7%, 10-12.5%, and 13-26.1%, respectively
[22, 43]. In summary, there are several causes for
the treatment delay [46, 101, 234, 335, 336]:

¢ Atypical clinical picture when observa-
tion delays the intervention

e Time delay during consultations if
departments/institutions are dislocated

¢ Time delay during the patient transfer if
departments/institutions are dislocated

e Third trimester, painful labor, and early
puerperium

¢ Epidural analgesia during labor sup-
presses the symptoms of AA

1.10.3 Maternal Outcome

1.10.3.1 Maternal Mortality

Since 1950, the mortality seems to have decreased
partly due to the introduction of antibiotics. Before
1900, maternal mortality was 30%; with perfora-
tion operated even without delay, it was up to 58%
[343, 344], while up to 100% when diffuse perito-
nitis was present [345, 346]. In 1908, Babler
reported more than 200 cases of AA in pregnancy
with a maternal mortality of 24% but 45% when
diffuse peritonitis was present [339]. In 1947
Meiling claimed that maternal mortality is 0.71%
when the disease is confined to the appendix, 30%
when there is peritonitis, and 50% when the
appendix is perforated [332], Of even greater sig-
nificance found in 1954 was that cases occurring
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in the last 3 months of pregnancy showed a mortal-
ity of 20.7% [347]. Today, overall, maternal mor-
tality is less than 1% [25-27, 42], It is rare in the
first trimester and increases with advancing gesta-
tional age [258]. For a comparison, when MD was
the cause of acute abdomen during pregnancy
(patients from 1949 included), maternal mortality
was 17% [123]. In all mortality cases, MD perfo-
ration was found [123].

Adverse maternal (and fetal) outcomes are
associated with [19, 41, 143]:

e A delay in surgery (>24 h after onset of
symptoms)

* Appendiceal perforation

e Maternal temperature >38 °C

¢ Leukocytosis >16,000/mm3

The degree of leukocytosis is an indicator
for perforation and is rarely present if the val-
ues are below 16,000 mm3[101]. If the appen-
diceal perforation is present, maternal mortality
occurs in up to 4% in contrast to less than 1%
in non-perforated AA [342]. Recent studies
claim 0% maternal mortality even with perfo-
rated AA [71, 249, 348]. The risk of perfora-
tion increases with gestational age due to
prolonged period between admission and oper-
ation in the third trimester [42, 101]. Additional
problem is that with the expulsion of the uter-
ine contents and reduction in the size of the
uterus, the abscess disintegrates, and the con-
tents are disseminated throughout the abdomi-
nal cavity, leading to general peritonitis.
Therefore, significant clinical deterioration
without signs of internal or external bleeding
could be observed after delivery in patients
with unrecognized AA.

1.10.3.2 Maternal Morbidity

Pregnant and nonpregnant women with AA have
similar composite 30-day major morbidity
(3.9% vs. 3.1%, p = 0.212) and all specific com-
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plications except pneumonia, which occurred
more frequently in pregnant women (0.7% vs.
0.2%, p = 0.004). Postoperative pneumonia was
observed only after general endotracheal anes-
thesia [144], Limited data exist about the risk of
chorioamnionitis and puerperal infection.
Increased maternal morbidity associated
with AA may not only be explained by the
increased rate of peritonitis but also by a two-
fold increase in laparotomy rate [210]. Maternal
morbidity with LA is the same [203] or less
[237] when compared to OA. The advantages
of laparoscopy include decreased surgical
trauma with lesser use of analgesics especially
opioid that can lead to fetal depression,
decreased gravid uterine manipulation, mini-
mal use of electrosurgery in the proximity of
the uterus, earlier recovery of bowel function
with shorter time to oral intake and therefore
less nutritional stress to the fetus, early mobili-
zation which may minimize the
thromboembolic

increased
risk associated with preg-
nancy, shorter postoperative length of stay in
hospital, and faster return to daily activities
[230, 232, 241, 349-351]. OA patients have a
significantly longer hospital stay [143, 203].
Similar hospital length of stay for OA and LA
groups is due to the fact that the LA group is
kept hospitalized for fetal surveillance and not
because of surgical need per se [237]. Long-
term follow-up after LA in pregnancy showed
that it is safe and efficacious, without any long-
term effects to the mother [352].

In the largest study with 1203 preterm deliver-
ies due to AA during pregnancy, CS rates were
similar in both pregnant populations with and
without AA, which is consistent with traditional
teaching that promotes CS only for obstetrical
indications [210], The degree of appendiceal
intlammation does not influence the type of deliv-
ery at term with half of the patients having CS
and another half vaginal delivery in both non-
perforated and perforated groups [85]. However,
the aforementioned largest study to date found
that the rate of CS was almost doubled in the
presence of peritonitis. This likely reflects the
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increased severity of maternal illness and possi-
ble fetal compromise requiring urgent appendec-
tomy and perhaps simultaneous delivery of the
fetus [210]. One study of 94 pregnant patients
with AA found that 12% of patients underwent
CS as the mode of delivery, of which 7% were
performed at the time of appendectomy [22].
The question could arise about the influence
of conversion from LA to OA to the mother.
Studies did not show increased rate of complica-
tions and increased maternal mortality. Caution
should be present because of a small number of
patients that had undergone such conversions
[353], Theoretically, if conversion is indicated,
then mostly, (1) the anatomy is difficult, or (2)
the inflammation is in an advanced stage in the
form of perforation or abscess. Both situations
result in longer operative time and a higher per-
centage of complications (see Sect. 1.10.4.7).

1.10.4 Fetal Outcome

1.10.4.1 General Considerations

The effects of any medical intervention on fetal
mortality have to be considered in the context of
certain preexisting background risks that are
common to all pregnancies. These include a 3%
risk of birth defects, 15% for miscarriage, 4% for
prematurity, 4% for growth retardation, and 1%
for mental retardation or neurological develop-
mental problems. A variety of nonobstetric surgi-
cal interventions resulted in a spontaneous
miscarriage (5.8%), premature delivery (8.2%),
and major birth defect (2%) [354],

Surgery (appendectomy) and general anes-
thesia are not significant risk factors for
spontaneous abortion and do not increase
the risk of major birth defects, even during
the first trimester.

The use of dexamethasone for fetal lung matu-
rity is relevant between 22 and 36 weeks of gesta-
tion, and facilities for caring of the preterm baby
are obligatory [355].
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1.10.4.2 Historical Perspective

In the nineteenth century, many pregnant
patients with AA presented with consequences
of advanced intraperitoneal inflammation. In
that period miscarriage and preterm labor
resulted in fetal mortality of 100% [95-97].
Fetal mortality was higher in years before 1990
at a time when the current possibilities offered
by modern neonatology, fast and accurate
(imaging) diagnostic workup, intensive care,
and antibiotic therapy were limited or not
available. Abrahams, in 1897, collected 15
cases from the literature and stated that the
fetal mortality in cases of perforative AA dur-
ing pregnancy, even when operated upon with-
out delay, was as high as 90% [343]. In 1908,
Babler reported more than 200 cases with a
fetal mortality of 40%. Babler concluded that
“the mortality of appendicitis complicating
pregnancy is the mortality of delay” [339].
This statement was published several years
earlier by Heaton [49]. Up to 1973, fetal mor-
tality was 20% (perforated AA 30% and non-
perforated AA 3%) and seems to be related to
the severity of the disease rather than the period
of gestation [249],

1.10.4.3 Fetal Mortality

When the appendix is not perforated (simple
AA), fetal mortality is 0-5% [20, 22, 34, 38, 71,
85, 348], while perforation raises fetal mortality
to 10-36% [22, 25, 26, 34, 71, 85, 348], For a
comparison, fetal mortality of 13.6% (1949-
2005) is found when MD in pregnancy was the
cause of acute abdomen [123].

Quite apart from the likelihood of premature
labor, there exists a special risk of intrauterine
fetal death if the infant is allowed to remain in
utero in the presence of peritonitis. This may
occur in any severe disease and is probably due to
the continuation of high pyrexia together with
bacterial toxemia (see Chap. 23). The prolonged
rise in temperature must increase the metabolic
rate and therefore the oxygen requirements of the
fast-developing tissues. It is possible that a point
is reached when the demand outstrips the supply,
and this is at a time when the placental efficiency
is diminishing. In addition, it is recognized that
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fast-growing tissues are especially susceptible to
noxious stimuli [356].

1.10.4.4 Fetal Morbidity

In the largest study with over 7100 patients,
16.9% of women delivered in the same admission
[210]. Among the 1203 patients who delivered,
there was a threefold increase in preterm birth.
Unexplained antepartum hemorrhage was four
times more likely to occur in patients with AA as
well as placental abruption with a twofold
increased risk among patients with AA. The
accompanying systemic inflammation associated
with AA and the close proximity of the appendix
to the uterus may also lead to a neutrophil and
inflammatory cytokine infiltration into the uterus
(chorion and amnion) and lead to placental
abruption or preterm birth [210], Premature rup-
ture of membranes and postpartum hemorrhage
were less commonly seen in patients with AA,
and the CS rate was comparable between groups
[210]. Importantly, there was no increase in intra-
uterine death, and infants were less likely to be
small for gestational age.

The risk of perforation increases with gesta-
tional age, and perforation in the third trimester
often results in preterm labor [42]. Pushed away
by the enlarging uterus, the omentum is not able to
localize an appendiceal abscess, so that the uterus
itself becomes the medial wall of the abscess. This
irritant may precipitate premature labor. Peritonitis
developed in 27% of pregnancies complicated by
AA. There are no predictors among sociodemo-
graphic factors for peritonitis. Among delivering
patients with AA, patients with associated perito-
nitis were more likely to deliver preterm and by
CS [210]. In patients with uncomplicated AA rates
of preterm delivery rate (7.7%) were within the
range of total preterm delivery rate (10.9%), while
the rate of preterm delivery when MD was the
cause was 26% [123]. Compared to the general
rate of preterm birth, which is 7.7-12.3%, appen-
dectomy during pregnancy did not significantly
increase preterm delivery [37, 357, 358]. Others
claim significantly higher preterm delivery rate
(10.9%) in patients with AA in comparison with
normal pregnancy (4.4%) [203]. One of the
hypotheses is that a lower intraoperative maternal
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systolic blood pressure is found during LA which
could lead to a decrease in uterine blood flow,
resulting in fetal stress, an elevated postoperative
FHR, and eventual PTD [246]. These findings
about fetal outcome can be summarized as [11, 20,
24,25,210,211]:

¢ The increase in the preterm delivery:

- During the first week after appendec-
tomy (>23 weeks of gestation)

- Age over 35
- BMI greater than 30
- Peritonitis

¢ Decrease in mean birth weight at term
(<3000 g or even 2500 g)

* An increase of live-born infants dying
within 7 days of birth

* No increase of stillborn infants

¢ No increase of congenitally malformed
infants

¢ Negative appendectomy with positive
uterine pathology/inflammation carries
a significantly higher incidence of fetal
loss and early delivery

In the largest study of 7114 patients and 1203
with the deliveries during the course of AA/
appendectomy, infants of patients with AA were
less likely to be growth restricted at the time of
birth, which is in contrast to previous reports of
the increased risk of fetal weights <3000 g [20]
or even <2500 g [11]. This largest study only
evaluated patients who delivered in the context of
an AA, and there was no opportunity for placen-
tal insufficiency to develop or for the fetus to be
exposed to the inflammatory environment and
develop possible associated sequelae such as
growth restriction over the remainder of the preg-
nancy. If authors had been able to follow patients
who developed AA and delivered at a later time,
the fetal weight at birth would be more helpful in
determining the impact of AA on in utero growth.
Furthermore, as only 1% of pregnancies with AA
were complicated by growth restriction, this
raises the possibility of a coding error and miss-
ing data as well.
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1.10.4.5 Negative Appendectomy

The issue raised was the rate of increased fetal
loss after appendectomy of a normal appendix.
Fetal loss rate within 30 days and preterm deliv-
ery of 2—4% for both NA and non-perforated AA
are reported [206, 211, 228, 251], These
percentages are even lower than in nonoperated
pregnant population [359-361], Therefore, it is
questionable that NA causes adverse perinatal
results [173, 251], Some studies included com-
plications in long-term follow-up after an appen-
dectomy and did not take into account the
expected number of perinatal and intrauterine
deaths in the total (normal) pregnant population
[41, 258]. Other studies have limitations because
only fetal demise and early delivery occurring
during the hospitalization in which the appendec-
tomy was performed were reported.

Partly the same percentage in NAR and simple
AA can be explained by other inflammatory
causes (15% of cases) found during NA [206,
211]. Also, some studies did not exclude patients
with previous history of (multiple) spontaneous
abortions which are the confounding factors.

The underlying (inflammatory) pathology
not (the type of) the procedure has an influ-
ence on fetal risk rates. If no pathology is
found during NA, there is no increase in
fetal loss rate.

Others concluded that if there was an effect
of surgical trauma on the fetoplacental-uterine
elements, it should, in uncomplicated cases,
have ceased approximately 1week after appen-
dectomy [20, 25]. In one study with negative
laparotomy for suspected AA, those in whom no
further surgery was performed were consider-
ably more likely to continue their pregnancy
undisturbed, compared to those who proceeded
with appendectomy (89% versus 57%, respec-
tively) [249]. This increased risk of delivery the
week following surgery was present when per-
formed after 23 weeks of gestation [24]. Any
complication and increased risk of preterm
delivery after that period in a patient without
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surgical complications should not be related to
the operation itself [20, 25], The premature
delivery rate was often omitted in reports on
AA, but it ranges 15—45% [19, 100, 362], It is
now believed that subclinical 1Al is a cause of
preterm premature rupture of membranes and/or
preterm labor and, as such, is an important con-
tributor to the leading cause of infant morbidity
and mortality complications from prematurity
(see Chap. 23).

There are several issues for discussion [206].
First, some authors included adverse perinatal
outcomes even more than 30 days after the oper-
ation. Many of these patients had a history of
previous multiple spontaneous abortions and
should be excluded from this analysis. Second,
when no other etiologies were identified during
the exploration, it could be that the patients’
abdominal pain was a sign of a pregnancy-
related complication that was the underlying
cause of the fetal demise. Third, in pregnant
patients who underwent an NA, the percentage
of LA was greater than in those with inflamed or
perforated AA, and this difference may account
for this observation. Fourth, NA was present
most frequently during the first trimester.
Generally, the incidence of miscarriage is the
highest in the first trimester (10-15%) than the
second (up to 5%) or third trimester (<1%)
[363], Fifth, more laparoscopic appendectomies
are performed during the first trimester when
there is a greater incidence of miscarriage.

1.10.4.6 Open vs. Laparoscopic
Approach

OA and LA do not differ with respect to the
incidence of preterm delivery, abortion, and CS
[203, 241, 353], birth weight, gestational dura-
tion, rates of intrauterine growth restriction,
congenital malformations, stillbirths, and neo-
natal deaths [364], The association of spontane-
ous abortion with laparoscopy has been
illuminated in several articles, which found that
fetal loss was significantly higher in LA than
OA (5.6-7% vs. 3.1%), despite a higher rate of
non-appendicitis in the laparoscopy group [143,
228], However, because one of these studies
was conducted only on patients with complica-
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dons that occurred during the hospital stay after
an appendectomy, there was a selection bias,
and its persuasive power is weak. Others did not
find the difference between two approaches
[203, 229] or did not have fetal loss with LA
[229, 232, 233, 365, 366], It is almost certain
that the subsequent spontaneous abortions and
fetal demise are associated with maternal dis-
ease severity rather than with operative
technique.

1.10.4.7 Conversion
from Laparoscopic to Open
Approach

Studies did not show an increased rate of fetal
mortality and preterm delivery. In the OA, the
preterm delivery rate was 11.8% vs. 15.8% in the
LA [353]. Caution should be present because of
a small number of patients that had undergone
such conversions [353]. Theoretically, it conver-
sion is indicated, then mostly (1) the anatomy is
difficult, or (2) the inflammation is in an
advanced stage in the form of perforation or
abscess. Both situations result in longer opera-
tive time, higher incidence of uterine manipula-
tion, and a higher percentage of complications.
Currently, studies show a low (1%) rate of con-
version to laparotomy that is better than most
published rates of nonpregnant patients [228]. It
may reflect the fact that the LA in pregnancy is
usually performed by experienced
[228, 229],

surgeons

1.10.4.8 Long-Term Outcome

In most reports, the length of follow-up is not
defined,- and the conclusions are, for LA, in the
form of “The follow-ups of all the infants were
uneventful” [227]. In a long-term follow